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© Apparatus and process for reagent fluid dispensing and printing. 



© A system for printing end dispensing chemical reagents in precisely controlled volumes onto a medium et a 
precisely controlled location. A jetting tube, comprising an orifice at one end and a fluid receiving aperture at the 
other end, is concentrically mounted within a cylindrical piezo-electric transducer. The fluid receiving aperture is 
connected to a reservoir containing a selected reagent by means of a filter. The reservoir is pressurized by a 
regulated air supply. An electrical signal of short duration is applied to the transducer. The pulse causes the 
^transducer and the volume defined by the jetting tube to expand, thereby drawing in a smell quantity of reagent 
^ fluid. The cessation of the pulse causes the transducer and the volume of the jetting tube to de-expand, thereby 
causing at least a substantially uniformly sized droplet of reagent fluid to be propelled through the orifice. The 
droplet may be directed to impact a printing medium or collected in a dispensing recepticle. 
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APPARATUS AND PROCESS FOR REAGENT FLU!D*DlSPENSIl3<5 ANb "POINTING 



BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus and process for dispensing and printing reagent fluids, 
wherein a transducer Is used to propel small quantities of the fluid towards a positioned target 

Diagnostic assays often require systems for metering, dispensing and printing reagent fluids. In the 
case of metering and dispensing, such systems comprise both manual and automatic means. For purposes 
of practicality, the present background discussion will focus on the methods of metering and dispensing 100 
micro-liter volumes or less. 

The manual systems of metering and dispensing include the glass capillary pipet; the micro- pi pet the 
precision syringe; and weighing instruments. The glass capillary pipet is formed from a precision bore glass 
capillary tube. The pipet typically comprises a fire blown bulb and a tubular portion fire drawn to a fine 
point Fluid is precisely metered by aspirating liquid through the tube into the bulb to a predetermined level 
indicated by an etched mane The fluid may then be dispensed by blowing air through the tube. 

The micro-pipet typically comprises a cylinder and a spring loaded piston. The travel of the piston is 
precisely determined by a threaded stop. The distance the piston travels within the cylinder and the 
diameter of the cylinder define a precise volume. The fluid is aspirated into and dispensed from the micro- 
pipet In precise quantities by movement of the piston wtthm the cylinder. 

The precision syringe generally comprises a precisely manufactured plunger and cylinder with ac- 
curately positioned metering marks. The fluid is introduced into and dispensed from the syringe by 
movement of the plunger between the marks. 

Weighing techniques for dispensing fluids often simply involve weighing a quantity of fluid. The density 
of the fluid may then be used to determine the fluid volume. 

Exemplary automatic metering and dispensing systems include the precision syringe pump; the 
peristaltic pump; and the high performance liquid chromatography (HPtC) metering valve. The precision 
syringe pump generally comprises a precision ground piston located within a precision bore cylinder. The 
piston is moved within the cylinder in precise increments by a stepping motor. 

The peristaltic pump comprises an elastomeric tube which is sequentially pinched by a series of rollers. 
Often the tube is placed inside a semi-circular channel and the rollers mounted on the outer edge of a disc 
driven by a stepping motor. The movement of the rollers against the tubing produces peristaltic movement 
of the fluid. 

The HPLC metenng valve comprises a defined length of precision inner diameter tubing. The fluid is 
introduced into the define volume of the tubing with the valve in a first position and then dispensed from the 
tubing when the valve is placed in a second position. 

All of the above metering and dispensing systems have the disadvantage that the volumes dispensed 
are relatively large. Furthermore, these systems are also relatively slow, inefficient and comprise precision 
fitted components which are particularly susceptible to wear. 

The printing of reagent fluids is frequently required in the manufacture of chemical assay test strips. 
Selected reagents are printed in a desired configuration on strips of filter paper. The stops may then be 
used as a disposable diagnostic tool to determine the presence or absence of a variety of chemical 
components. 

♦Generally, to perform a chemical assay with a test stnp. the strip is exposed to a fluid or a series of 
fluids to be tested, such as blood, serum or urine. In some instances, the strip is nnsed and processed with 
additional reagents pnor to being interpreted. The precise interpretation depends on the type of chemical 
reactions involved, but it may be as simple as visually inspecting the test strip for a particular color change. 

The manufacture of test strips generally involves either a manufacturing process or a blotting process. 
The blotting process is the simplest manufacturing method and permits most reagents to be applied without 
modification. A disadvantage of this process is that it is difficult to blot the fluids onto the test stnp with 
precision. 

The printing process will often involve any of three well known methods: silk screening: gravure: and 
transfer printing. The silk screening of reagents generally involves producing a screen by photograohic 
methods in the desired configuration for each reagent to be printed. The screen is exposed under light to a 
preselected partem and then developed. The areas of the screen which are not exposed to light, when 
devel oped, become porous. However, the areas of the screen which have been exposed to light remain 
relatively nonporous. The screen is then secured in a frame and the test strip placed below. The desired 
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reagent fluid, Special*/ prepare* to hav* a high viscesity. & •spread ove/4ne tpg^ioe of the screen. The 
reagent passes through the porous areas of the screen and onto the test strip. The test strip is then 
subjected to a drying process, specific to each reagent Once the test strip is dry, H may be printed again 
.using a different screen, pattern and reagent 

5 The gravure method of printing reagents comprises coating a metal surface with a light sensitive 
polymer. The polymer is exposed to light in the desired predetermined pattern. When developed, the 
polymer creates hydrophilic and hydrophobic regions. The reagent is specially prepared such that when 
applied to the metal it will adhere only to the hydrophilic regions. After the specially prepared reagent is 
applied, the test strip is pressed against the metal and the reagent is transferred from the metal to the test 

10 strip. 

The transfer printing method comprises transferring the reagents from a die to the test strip in the 
desired pattern. The die is made with the appropriate pattern on its surface and then coated with the 
desired, specially prepared reagent A rubber stamp mechanism is pressed against the die to transfer the 
reagent in the desired pattern from the die to the rubber stamp. The rubber stamp is then pressed against 

75 the test strip to transfer the reagent, in the same pattern, to the test strip. 

Each of the above-mentioned reagent printing techniques has significant disadvantages. The most 
common disadvantage is the requirement that the reagents must be specially prepared. Additionally, If a 
variety of reagents are to be printed onto a single test strip, the strip must be carefully aJigned prior to each 
printing. This alignment procedure increases the cost and decreases the throughput of the printing process. 

20 Moreover, a special die or screen must be produced for each pattern to be printed. A further disadvantage 
arises in that the above printing methods are unable to place reproduceable minute quantities of reagent on 
the test strip. 

It is an object of the present invention to provide a printing and dispensing method and apparatus which 
avoids these disadvantages. 

25 



SUMMARY OF THE PRESENT INVENTION 

The present invention is directed to a reagent dispensing and printing apparatus and method, wherein 
30 the apparatus comprises a transducer operative to eject a substantially uniform quantity of reagent in a 
precise predetermined direction. 

According to one preferred embodiment of the present invention used in dispensing reagent fluids, a 
4 jetting tube is concentrically located with a piezoelectric transducer. The jetting tube comprises an orifice at 
one end and a reagent receiving aperture at the other end. The receiving end of the jetting tube is 
35 connected to a filter which is in turn connected to a reservoir containing a selected reagent. A jetting control 
unit supplies an electrical pulse of short duration to the transducer in response to b command issued by a 
computer. The electrical pulse causes the volume defined by the jetting tube to expand by an amount 
sufficient to intake a small quantity of reagent fluid from the reservoir. At the end of the pulse duration, the 
transducer de-expands propelling a small quantity of the reagent fluid through the orifice and into a fluid 
40 recepticle. If desired, additional droplets may be deposited in the recepticle or the recepticle aligned with an 
additional jetting tube for receiving an additional reagent fluid. 

An additional preferred embodiment of the present invention may be used for printing reagent fluids 
onto a print medium. In this embodiment the jetting tube is aligned with the printing medium such that the 
propelled droplet impacts a precise position on the medium. The jetting tube or print medium may then be 
45 repositioned and another droplet expelled from the jetting tube. The process may be repeated until a 
desired configuration of the reagent fluid is printed on the medium. 

One advantage of the present invention is that precise minute quantities of reagent fluid may be 
dispensed or printed in a reproducible manner. Additionally, the method and apparatus may be used to 
emit droplets of fluids having a wide range of reagent fluid viscosities and surface tensions. The reagents 
60 do not in general have to be specially adapted for use with the present invention. 

The invention itself, together with further objects and attendant advantages, will best be understood by 
reference to the following detailed description, taken in conjunction with the accompanying drawings. 
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FIGURE 1 is a schematic representation of a first preferred embodiment of the present invention 
showing the use of multiple jetting heads to meter and dispense reagent fluid, 
s FIGURE 2a is a perspective view of a first preferred embodiment of the Jetting head of the present 

invention, 

FIGURE 2b is a cut-away perspective view of the preferred embodiment of Fig. 2a taken along lines 
. 2b-2b with the contact pins removed. 

FIGURE 2c is a sectional representation of the preferred embodiment of Fig. 2a taken along lines 2c* 

to 2c. 

FIGURE 2d is a sectional representation of the preferred embodiment of Fig. 2c taken along lines 2d- 

2d. 

FIGURE 2e is a sectional representation of the jetting tube and transducer of the preferred 
embodiment of Fig. 2b taken along lines 2e-2e. 
75 FIGURE 3 is a schematic representation of a second preferred embodiment operating in the drop on 

demand mode as a reagent printing system. 

FIGURE 4 is a schematic representation of a third preferred embodiment operating in the continuous 
mode as a reagent printing system. 

FIGURE 5a is. a schematic representation of a portion of the letting head control unrt showing the 
so LED strobe circuit 

FIGURE 5b is a schematic representation of a portion of the jetting head control unrt showing the 
high voltage power supply circuit 

FIGURE 5c is a schematic representation of a portion of the jetting head control unit showing the 
print control circuit 

25 FIGURE 5d Is a schematic representation of a portion of the jetting head control unit showing a 

portion of the print pulse generator. 

FIGURE 5e is a schematic representation of a portion of the jetting head control unit showing an 
additional portion of the pulse generator. 

FIGURE 6a is a perspective view of a second preferred embodiment of the jetting head of the 
30 present invention. 

FIGURE 6b is an exploded view of the preferred embodiment of Fig. 6a, 

FIGURE 7 is a sectional representation of a third preferred embodiment of the jetting head of the 
present invention. 

FIGURE 6 is a sectional view of a symmetrical portion of a fourth preferred embodiment of the jetting 
35 head of the present invention. 

FIGURE 9 is a graph of the drop mass of the emitted droplets as a function of emission frequency fo<* 
several fluid viscosities. 

FIGURE 10 is a graph of the velocity of the emitted droplets as a function of frequency for several 
fluid viscosities. 

40 FIGURE 11 is a graph of the total weight of fluid emitted as a function of the number of emitted 

droplets for a given fluid. 



DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

45 

Turning now to the drawings. Fig. 1 shows a schematic representation of a first preferred emoooiment 
of a reagent dispensing system generally represented as reference numeral 30. The dispensing system 30 
comprises a plurality of reagent fluid reservoirs 200, a plurality of filters 300, a plurality of reagent jetting 
heads 400. a plurality of jetting head control units 500, an interface unit 600. a computer 700, transportation 
so unit 902. a plurality of fluid mixing cells 904 and a detection station 906. 

The reservoir 200 holds a selected Quantity of reagent fluid for dispensing. The reservoir 200 is 
maintained at atmospheric pressure by suitaole means such as an atmospheric vent. The reagent fluid is 
transferred from the reservoir 200 through the filter 300 to the reagent jetting head 400. The filter 300 is 
placed between the reservoir 200 and tne jetting head 400 to ensure that any particular foreign matter in the 
55 reagent fluid is trapped before entenng the jetting nead 400. 

The plurality of jetting heads 400 and tne detection station 906 define a processing path. Each jetting 
head 400, which is described in detail oetow. ejects uniformly sized oroplets 2 of reagent fluid. Tne droplets 
2 are propelled, wrth controlled velocity and direction, towards a selecting mixing cell 904 positioned along 
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the processing path b$ the traA^ortaticxt unH 002. «Th« ml«iifg cells 904 *re comprised of norw ©active 
meteriel and function as minute holding tanks for the dispensed reagent fluid. 

The plurality of jetting heads 400, shown in Fig. 1. are positioned sequentially along the processing 
path. Alternately, some or all of the plurality of jetting heads 400 may be positioned with respect to the 
5 transportation unit 902 such that the heads 400 direct the droplets 2 into a selected mixing cell 902 
simultaneously. 

The jetting heads 400 and the transportation unH 902 are controlled by the computer 700. The 
computer 700 issues commands to an interlace unit 600 which Is electricalry connected to the transportation 
unit 902 and to the jetting head control unH 500. The interface unH 600 is of conventional design and is 
jo used to control the transfer of information between the computer 700 and the jetting control unH 500. The 
interface unit 600 is also used to control the transfer of information between the computer 700 and the 
transportation unH 902. 

A first embodiment of the reagent jetting head is shown in Figs. 2a - 2e and generally represented by 

numeral 400, The jetting head 400 comprises a two piece symmetrical housing 402, 404. The housing 402, 
75 404, when assembled, is adapted to form an orifice aperture 406. an air vent and reagent supply channel 

410 and a transducer chamber 403. shown In Fig. 4b. Four screws 408. adapted to respective housing 

screw apertures 416, hold the housing 402, 404 in an assembled configuration. 

The jetting head 400 further comprises a jetting tube 432. a piezo-electric transducer 434 and a reagent 

fluid supply tube 430. The jetting tube 432 defines a tapered orifice 433 at one end and a fluid receiving 
20 aperture 431 at the other end for expelling and receiving fluid, respectively. The piezc-eiectric transducer 

434 is cylindrically shaped and secured concentrically about the mid-region of the jetting tube 432 with 

epoxy or other suitable means. 

The piezo-electric transducer 434, shown in Fig, 2e. defines a first and second end and comprises a 

section of cylindrically shaped piezeo-eiectric material 435. An inner nickel electrode 437 covers the inner 
25 surface of the cylinder 435. The electrode 437 wraps around the first end of the cylinder 435 a sufficient 

distance to enable electrical connection external to the cylinder 435. 

A second nickel electrode 436 covers the majority of the outer surface of the cylinder 435. The second 

electrode is electrically isolated from the first electrode 437 by an air gap at the face of the second end of 

the cylinder 435 and by an air gap on the outer surface of the cylinder 435 near the first end. When an 
so electrical pulse is applied to the first and second electrodes 437. 436 a voltage potential is developed 

radially across the transducer material 435. The voltage potential causes the radial dimensions of the 

transducer 435 to change, which causes the volume defined by the transducer 434 to also change. 

The jetting tube 432 is positioned in the transducer chamber 403 such that the receiving end 431 

extends beyond the rearward end of the transducer 434. The receiving end 431 of the jetting tube 432 is 
w inserted into one end of a reagent supply tube 430. The supply tube 430 is sealingly held to the jetting tube 

432 by concentric teeth 412 formed by the housing sections 402, 404. The teeth 412 not only seal the 

supply tube 430 to the jetting tube 432. but. also, seal the supply tube 430 to the housing 402. 404. 

The second end of the supply type 430 passes through the channel 410 and into a reagent reservoir 

200. The reservoir 200 contains the reagent fluid to be dispensed by the jetting head 400. As the reagent 
40 fluid is dispensed, air is supplied to the reservoir 200 through the channel 410 to prevent the creation of a 

vacuum in the reservoir 200. The reservoir 200 is releasably attached to the housing 402, 404 and held in 

place by frictional forces. A reservoir cap 202 is flexibly attached to the reservoir 200 and adapted such that 

the cap 202 may be used to secure the opening in the reservoir 200 when the reservoir 200 is disengaged 

from the housing 402. 404. 

is The pos'rtion of the jetting tube 432 defines the horizontal plane of the jetting head 400. The jetting tube 
432 and the transducer 434 are held in a pre-defined vertical relationship with respect to the housing 402. 
404 by means of two upper vertical alignment pins 418 and two lower vertical alignment pins 418. The two 
upper vertical alignment pins 418 extend horizontally from the housing section 402 into the transducer 
chamber 403. Similarly, the two lower vertical alignment pins 418 extend horizontally from the housing 

so section 404 into the transducer chamber 403. Each vertical alignment pin 418 is formed integrally with the 
respective housing sections 402. 404. 

The jetting tube 432 and the transducer 434 are held in a predefined horizontal relationship with respect 
to the housing 402, 404 by means of four horizontal alignment pins 424. Two of the horizontal alignment 
pins -424 extend horizontally from the housing section 402 approximately midway into the transducer 

55 chamber 403. Similarly, two of the horizontal alignment pins 424 extend horizontally from the housing 
section 404 approximately midway into the transducing chamber 403. Each horizontal alignment pin 424 is 
formed integrally with the respective housing section 402. 404. The alignment pins 418, 424. sealing teeth 
412 and orifice aperture 406 are aligned and adapted to hold the jetting tube 432 and transducer 434 such 



5 



: 0 268,23V 

: • ; • * - i : : : . . 

• : : : **v • : : : : 

that the orifice ft3oftfie jetting ^tUbe 432 Extends Intone orifics aperture ADS.* « * » * 

An electrical transducer activation pulse is supplied to the piezo-electric transducer 434 from the jetting 
head control unit 500 by means of two contact pms 422. A quantity .of fluid will be dispensed from the 
jetting tube for each sppliod activation pulse. The activation pulse can be produced by a variety of 

5 conventional circuits or commercially available units. Therefore a detailed description, of such a circuit will 
not be provided. However, a circuit for producing a series of activation pulses is provided In the description 
of the printing embodiment below. Due to the dif fering constraints involved in dispensing and printing, the 
circuit in the printing embodiment is not required to produce only a single pulse. However, one skilled in the 
art could, K desired, modify the circuit to produce a single pulse on demand for use in the dispensing 

io embodiment 

Each contact pin 422 defines an enlarged head 423 which is adapted to contact the respective first and 
second electrodes 437, 43S located on the outer surface of the transducer 434. Two contact pin holders 
414, integral with the housing 402, 404. are positioned to hold the respective contact pins 422 under the pin 
heads 423 such that each pin head 423 electrically engages the appropriate electrode 437, 436 of the 

1$ transducer 434. Two contact pin engaging posts 420 extend from the housing 402, 404 opposite the contact 
pin holders 414 to engage and hold the contact pins 422 against the contact pin holders 414. The ends of 
the contact pins 422 opposite the pin heads 423 extend through the housing 402. 404 by means of contact 
pin apertures 421. Since the housing sections 402, 404 are formed symmetrically to one another, the 
contact pins 422 may be optionally attached above the transducer 434. 

20 In operation, the reservoir 200 containing reagent fluid is fastened to the jetting head 400 such that the 
fluid supply tube 430 extends into the reagent fluid. The filter 300 may be fitted to the tree end of the 
supply tube 430 or positioned inside the reservoir 200. Air is supplied through the channel 410 around the 
supply tube 430 to prevent the reservoir 200 from. falling below atmospheric pressure. The air is prevented 
from entering around the supply tube 430 and into the transducer chamber 403 by the seal created 

as between the sealing teeth 412 and the supply tube 430. The jetting tube 432 may be primed by slightly 
pressurizing the reservoir 200 to cause the reagent fluid to travel through the supply tube 430 and into the 
jetting tube 432. Once primed, the fluid is prevented from substantially withdrawing from the jetting tube 
432 by the surface tension of the reagent fluid at the orifice 433. 

The transducer activation pulse is conducted to the contact pins 422 of the jetting head 400. The 

30 contact pins 422 communicate the high voltage pulse to the electrodes 437. 436 of the transducer 434 with 
polarity such that the concentrically mounted transducer 434 expands. The rate of expansion is controlled 
by the rise time of the high voltage pulse which is preset to generate a rapid expansion. The expansion of 
the transducer 434 causes the jetting tube 432, which is epoxied to the transducer 434, to also expand. The 
expansion of the tube 432 generates an acoustic expansion wave interior to the tube 432 which travels 

35 axially towards the orifice 433 and .towards the fluid receiving aperture 431, When the expansion wave 
reaches the orifice 433. the reagent fluid is partially drawn inwardly. However, the surface tension of the 
fluid acts to inhibit substantial inward fluid movement. 

When the expansion wave reaches the end 431 of the tube 432. the expansion wave is reflected and 
becomes a compression wave which travels towards the center of the piezo-electric tube 434. The high 

40 voltage pulse width is adapted such that when the reflected compression wave is beneath the piezo-electric 
tube 434, the high voltage pulse falls, resulting in a de-expansion of the transducer 434 and the jetting tube 
432. This action adds to the existing acoustic compression wave in the interior of the jetting tube 432. The 
enhanced compression wave travels toward the ori fice causing reagent fluid to be- dispensed from the tube 
432. The fluid is propelled from the orifice 433 as a small droplet 2 and deposited in the selected mixing 

45 cell 904 positioned by the transDortation unit 902. One droplet 2 is dispensed for each transducer activation 
pulse. This mode of dispensing is referred to as the drop on demand mode. 

In some instances, the droplet 2 may be accompanied by at least one smaller satelite droplet. However, 
even if satelite droplets are present, the volume and velocity of the reagent droplets 2 are highly 
reproduceable. This reproduceability allows for precise dispensing of uniform, controllably sized droplets 2 

so of reagent fluid into tne mixing cell 904, 

The droplets 2 of reagents impact the mixing cell 904 with sufficient force and volume to cause fluidic 
mixing of the reagents. Once the desired amounts of the selected reagents are deposited in the selected 
mixing cell 904, mixing cell 904 is transported to the detection station 906 where the mixed reagents may 
be extracted for use or analyzed for assay results. 

55 The dispensing system 30 provides numerous advantages based upon the ability of the reagent jetting 
head 400 to rapidly and reproduceably eject uniform quantities of a wide range of reagents. Tne reaction 
times of some chemical processes are dependent upon the volume of tne reagents used. The ability of the 
dispensing system 30 to dispense such minute amounts of reagents thereby reduces the processing time 
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of certain cherfiical assays. Furthermore^ some ciwycal a$s$ys require^ wio^rar?&e ot dilution ratios. 
Many conventional dispensing systems are unable to dispense the reagents m volume small enough to 
make the desired assay practical The dispensing system of the pros ent invention overcomes this 
disadvantage. 

5 In addition to dispensing reagent fluids, certain embodiments may be used for precision printing of 
reagents onto a printing medium such as fitter paper to produce an assay test strip. A printing system 10 
using the present invention is represented in Rg. 3. Structure similar In form and function to structure 
described above will be designated by like reference numerals. The printing system 10 comprises a 
reagent fluid reservoir 200, a filter 300, a reagent jetting head 400, a jetting head control unit 500, an 
io interface 600, a computer 700. and an x-y plotter 600. 

The x-y plotter 800 is a commerciaJly available pen plotter, mechanically modified in a conventional 
manner such that the pen is replaced with the jetting head 400. The general operation and structure of the 
plotter 800 will not be described in detail. The plotter 800 accepts commands from the computer 700 thru a 
standard RS-232 serial interface contained within the interface unrt 600. The plotter 800 processes the 
is commands and produces control signals to drive an x-axis motor {not shown) and a y-axis motor (not 
shown). The x-axis motor is used to position the jetting head 400 and the y-axis motor is used to position a 
drum (not shown) to which the printing target 1 is attached. 

The plotter 800 produces a pen down signal PENDN. This signal is applied to the control unit 500 and 
indicates that the plotter 600 Is ready to begin a printing operation. 
20 The control unit 500 also receives control signals from, the interface unit 600. These signals include 
signals HIGHER*. LOWER* to control the magnitude of the pulse applied to the transducer 434; a reset 
signal RST to reset the control unit 500: end a series of print signals PRT. The generation of these signals 
will not be described in detail since their production is performed by the conventional interface unit 600. 
The jetting head 400 and fluid supply system 200, 300 are initialized and operate substantially as 
25 described above. The jetting head control unit 500. shown in Figs. 5a - 5e comprises a print control circuit 
510, a pulse generator 530. a high voltage supply 540. and a strobe pulse generator 560. The control unit 
500 also comprises a power supply. However, since the power supply is of conventional design it will not 
be shown or described in detail. 

The print control circuit 510 receives the pen down signal PENDN from the plotter 800 and comprises a 
so transistor Q100, a one-shot circuit U100. two NAND-gates U101, U102, a line decoder multiplexer U107 and 
four Inverters U103-U106. The pen down signal PENDN is applied to the base of the transistor CM 00 by 
resistors R100, R101 and diode D100. The emitter of transistor Q100 is tied to ground and the collector is 
connected to the +5 volt supply by resistor R102. 

The one-shot U100 comprises inputs A, B and an output Q, The 8 input of the one-shot U100 is 
35 connected to the collector of the transistor OlOO and the A input is tied to ground. The time period of the 
pulse produced by the one-shot U100 is determined by a resistor R104, a variable resistor R105 and a 
, capacitor C100, The output Q of the one-shot U100 is combined with the collector output of the transistor 
Q100 by the NAND-gate U101 and then inverted by the NAND-gate U102. The circuit is operative to 
produce an adjustable delay in the application of the pen down signal PENDN to the control unit 500. 
40 The line decoder U107 is circuited to function as a 3 input AND-gate. The output of the NAND-gate 
U102 is applied to the first input of the decoder U107; the print signal line PRT comprising a series of 
pulses from the interface unit 600 is applied to the second input; and a jetting head ON/OFF signal from 
switch S1 is applied to the third input. The inverter U106 inverts the output of the line decoder U107 to 
generate the print control signal PRT and the inverters U103-U105 invert the control signals LOWER". 
45 HIGHER*, and RST signals, respectively. 

The high voltage supply 540. shown in Fig, 5b. provides +175 volts DC to produce a maximum pulse 
of +150 volts peak to peak at the reagent jetting head 400. The high voltage supply 540 comprises 
differential amplifier U12 and transistors Ol. Q2. Q13, Q14. A stable reference voltage of -2.5 volts DC is 
produced at the junction of a reservoir R13, connected to the -15 volt supply, and a diode CR6. connected 
so to ground. The reference voltage is combined with a resistor R14 to produce an adjustable, stable voltage 
reference for the amplifer U12. The reference voltage is applied to the inverting input of the amplifier Ui 2 
through a resistor R11. The noninverting input of the amplifier U12 is connected to ground by a resistor 
R12. The amplifier U12. in combination with a feedback resistor R10. produces an output signal proportional 
to the difference of the voltage reference signal and the ground potential. 
55 The output of the amplifier U12 is applied to the base of the transistor Q2 whose collector is connected 

to the +15 volt supply. The signal produced at the emitter of the transistor Q2 is applied to the base of the 
transistor Q1 through resistors R8. R6. R5, a transformer U and diodes CR4. CR2. CR1 . The emitter of the 
transistor Q1 is connected to ground and the collector is connected to the +15 voltage supply through the 
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transformer Ll. # A diode CR3 ctJrmects the coltector pUtneTjjrjsftt 0 * 01 *S frm junctiwi of the resistor R5 
and the diode CR4. The transistor Q1 is biased for proper operation by resistors ft?, R6, R5. The resistor 
R7 and a capacitor C22 connect the junction of the resistor R8. R6 to the +15 voltage supply. 

The transistor Q1 and the transformer L1 form a "flyback" blocking oscillator. Any increase in current 
supplied by the transistor 01 produces an increase in energy transferred through the secondary winding of 
the transformer L1 and diode CR5. Therefore, an increase in current supplied by the transistor Q1 results in 
an increase in power available to the high voltage output The diodes CR1-CR4 form a "Baker clamp" which 
prevents transistor Q1 from saturating. The clamp thereby avoids transistor storage time. 

The diode CR5 Is connected to 8 multiple pi filter formed by the inductors L3, L2, capacitors C24, C21, 
C41 and resistors R29. The multiple pi filter attenuates ripple and switching spikes in the signal supplied to 
the transistor Q13 which produces the high vortage output V+ + . A resistor R64 connects the base of the 
transistor Q13 to the emitter and to the resistor U29. The base is also connected to the collector of the 
transistor Qi4 by a resistor R65. The base of the transistor Q14 is connected to the +15 volt supply by a 
resistor R67 and to ground by a resistor R66. The emitter of the transistor Q13 provides a signal HV 
SENSE which is fed back to the inverting input of the amplifier U12 through a resistor R9. The high voltage 
output V+ + is produced at the collector of the transistor Q13. The proper biasing of the transistor Q13 is 
provided by resistor R64 and the biasing circuit comprising the transistor 014, resistors R67. R66. R65. 

The pulse generator 530, shown in Figs. 5d, 5e. comprises an opto-isolator U18. a one-shot U23, a 
digital to analog <D/A) converter U30 and two binary counters U24. U25. The pulse generator 530 accepts 
control signals PRT, LOWER*, HIGHER*, RST and produces the activation pulse which is applied to the 
transducer 434. In normal operation, the PRT* control signal is supplied to the opto-isolator U18 by a jumper 
JMP between contact points E5, E6. The opto-isolator U18 is of conventional design and comprises a light 
emitting diode (LED) circuit and a photo-element circuit A resistor R15 operates as the load resistor for the 
LED circuit of the isolator and a capacitor C25 suppresses transient noise on the voltage suDply to the 
isolator U18. The output of the isolator U18 is applied to one input of the one-shot U23 whose time constant 
is adjustably determined by resistors R38. R25 and a capacitor C30. The pulse from the non-inverting 
output of the one-shot U23 is led to the base of a transistor 09. A resistor R39 sets the approximate base 
. current of the transistor 09 which is used as a level shifter for converting the CMOS signal level to the +15 
volt DC signal level. 

The control of the rise end fall rates of the pulse generator 530 is accomplished by directing a pair of 
current source transistors Q11, 012 to charge and discharge a capacitor C57. The transistor Q11 is 
operative as a source of current and the transistor 012 Is operative as a sink for current. A transistor Q10 
controls the level of the current by applying an appropriate bias current through a resistor R56 to the base 
of the transistor Q11. The biasing of the transistors Q11. 012 is critical to the proper rise and fail rates. 
Therefore precision voltage references CR13, CR15 are used to provide respective bias reference voltages. 
A temperature compensation network is formed from zener diodes CR14. CR16 and resistors R55, R54 to 
maintain stable operation of the transistors 011, Q12, respectively. The variable resistors R49. R52 may be 
used to adjust the fall time and rise time, respectively, of the output pulse applied to the reagent jetting 
head 400. A plurality of resistors R45. R46, R47. R48. R49, R51, R52. R53, R56. R57. R58 are used to 
properly bias the transistor QlO, Q11» Q12 and capacitors CSS, C60 are circuited to maintain stability of the 
circuit 

The impedance of the output stage of the rise and fall circuitry Q10. Q11, Q12 is very high. With such a 
high impedance, circuit elements attached to the capacitor C57 could affect the linearity of the rise end fall 
time constants. Therefore, an FET input operational amplifier U32 is used as an impedance interface. The 
amplifier U32 is configured in the nontnverting mode and circuited with capacitors CSS. C59 for stability. 

'The output of the'amplifier U32 is applied to an inverting amplifier U31 by means of a resistor R62. The 
amplifier U31 inverts and conditions the pulse control signal with the aid of resistors R59. R60. Resistors 
R61, R63, connected to the -15 vortage supply, provide a means tor adjusting the DC level offset of the 
amplifier U31 output signal. Capacitors C51 , C52 are connected to ennance the performance and stability of 
the circuit 

The output of the amplifier U31 is applied by means of a resistor R41 to the positive voltage reference 
signal input RER + ) of the D<A converter U30. The negative voltage reference signal input REF(-) is tied to 
ground by a resistor R40. The D/A converter U30 produces output signals 10UT, lOUr which are 
proportional to the difference berween the positive and nega tive voltage reference signal inputs REF( + ). 
i REF(-). Capacitors C48. C49. C50 are connected to the D A converter U30 to enhance stability. 

The D/A converter outputs lOUT. I0UT are also proportional to an 8-bit binary value applied to inputs 
B1-B8. The binary value is supplied by trie counters U24. U25 which are controlled by the lunction signals 
LOWER*. HIGHER" and RST. The LOWER* . signal and the HIGHER* signals are applied to the count up and 
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count down Inputs CU. 5d of the*counter U24 by meaTis of opOisolators lUS,\j?<P«Trw carry and borrow 
outputs CY. BR of the counter U24 are connected with the count up and count down inputs CU, CD of the 
counter U25. The reset inputs RST of both counters U24, U25 receive the RST signal by means of an opto* 
Isolator U21. Resistors R16. R17. R18 are used as load resistors for the LED circuits of the isolators U19. 
U20, U21 and capacitors C26, C27. C28 are used to enhance the stability of the isolator circuits. 

The counters U24, U25 may optionally be preloaded to the selected 8-bit binary value through input 
lines TP0-TP7. The input lines TP0-TP7 are normally biased to the logical high signal state by resistive 
network U22. The selected binary value is loaded into the counters U24, U25 by pulling the respective 
inputs TP0-TP7 low and applying an external, active low, load signal EXT LOAD to pin TPS. The load signal 
pin TPS is connected to the load inputs LOAD of the counters U24, U25 and conditioned by a dipping 
circuit comprised of diodes CR9, CR10 and a pull-up resistor of the resistor network U22. 

The noninverted and the inverted outputs IOUT, (OUT* are connected to the inverting and noninverting 
inputs of a differential amplifier U29. The output of the amplifier U29 is fed back to the invert ing input by a 
resistor R50. The amplifier U29 converts the current output of the D/A converter U30 to a voltage output 
Capacitors C56, C47 are provided to enhance circuit stability. 

The output of the amplifier U29 is applied to the noninverting input of the amplifier U28. The output of 
the amplifier U28 is fed back to the inverting input by means of a capacitor C46 and a resistor R37. The 
inverting input is also connected to ground by a resistor R36. To enhance the frequency response of the 
amplifier U28. a resistor R43 and a capacitor C54 are connected between the frequency compensation input 
FC and ground. An adjustable DC offset is provided by connecting the output offset inputs OF, OF with a 
variable resistor R42. The wiper of the resistor R42 is connected to the high voltage power supply output 
V+ +. 

The output of the amplifier U28 is also connected to the base of a transistor 04 and through diodes 
CR11, CR12 to the base of a transistor Q7. The transistor 04, 07, Q3 and resistors R30-R35 form an output 
circuit capable of driving high capacitive loads at high slew rates and wide bandwidth. The variable resistor 
R31 may be used to set the maximum current through the bias network R30, R33 by measuring the voltage 
drop across resistor R35. 

The strobe generator 560 produces a strobe pulse and comprises transistors 01 01 -Ql 05 and a one- 
shot circuit U108. The strobe intensity is determined by the circuit comprising the transistors Q1 01 -01 04 
and resistors R109-R115. The circuit is connected to the anode of the LED 900 and receives two inputs 
from the interface unit 600 to produce four levels of light- intensity In the LED 900. 

The activation aand duration of activation of the LED 900 is determined by the one-shot U108 and the 
Vansistor Q105. The one-shot U108 comprises inputs A, B and an output Q. The strobe signal STROBE is 
applied to the B input from the interface unit 600. The duration of the one-shot U108 output pulse is 
controlled by the adjustable RC network R107. R10B. The output Q is applied to the base of the transistor 
01 05 by resistor R108, The collector of the transistor Q105 is connected to the cathode of the LED 900 to 
draw current through the LED 900. 

The computer 700, control unit 500 and plotter 800 must be initialized. The initialization of the computer 
700 and the plotter 800 will not be discussed since these units are of conventional design and operation. 

To initialize the jetting head control unit 500, the computer 700 directs the interface unit 600 to issue a 
reset command. The reset signal RST is conducted to the control unit 500 whereupon the counters U24, 
U25 are cleared. The computer 700 then retrieves from its memory, or by conventional operator input, the 
desired digital setting for the D/A converter. This setting may also be calculated from data and may be 
tailored to specific sizes of jetting heads 400 or reagent fluids. The computer 700 then issues a series of 
commands, through the interface unit 600, to increment or decrement the counters U24, U25 to correspond 
to the desired binary setting. If the command directs that the counters are to be raised, then the HIGHER' 
signal is applied through the opto-isoiator U20 to the count up CU input of the counter U24. Similarly, if the 
command directs that the counters are to be lowered then tho LOWER* signal is applied through the opto- 
isolator U19 to the count down CD input of the counter U24. Since the carry and borrow outputs CY, BR of 
the counter U24 are connected to the count up and count down inputs CU, CD, respectively, of the counter 
U25. the digital setting applied to the D/A converter U30 may range from 0 to 255. Alternately, the counters 
U24, U25 could be initialized to a desired setting by loading the binary value on the lines TP0-TP7 and 
strobing the EXT LOAD line. 

Once the control unit 500 and the plotter 800 are initialized, the printing cycle may begin. The computer 
700 issues a command to the interface unit 600 to produce the series of PRT* signal pulses. The computer 
700 then commands the plotter 800 to print, for example, a line along a selected path. The plotter 800 
positions the jetting head 400 and target 1 and issues the pen down signal PENDN. The signal is delayed 
by the print control circuit 510 to ensure that the target 1 is properly positioned. At the expiration of the 
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delay, the slgnaf is ANped with the dosed»enable swttcfe si apd, foe serieejrt prim pulses PRT. The result 
of the AND operation is the application of the PRT* pulses to the pulse generator cTrcuTt 530. 

The PRT signal Is applied through the Jumper JMP to the opto-isolator U18 and then to the one-shot 
U23. The one-shot U23 produces a pulse signal which is then converted from CMOS signal levels to the 1 5 

6 volt DC signal level by the transistor 09. The rise and fall circuitry comprising Q10, Oil, Q12 converts the 
square wave pulse into a pulse having the rise and fall characteristics preset by the resistors R49. R52. The 
conditioned pulse Is then amplified by the amplifier U32 and applied to the amplifier U31. 

The amplifier U31 converts the polarity of the conditioned pulse to that acceptable by the D/A converter ' 
U30 and supplies an adjustable DC offset The DC offset is used to counteract possible distortion 

to attributable to the amplifier U31. The distortion arises in that, for the amplifier U31 to be adequately 
responsive, a small degree of current must flow through the resistor R41. This. current creates an offset 
condition at the output of the amplifier U29 which is then scaled by the D/A converter U30 in correspon- 
dence with the binary data. The resistor R63 allows a small amount of current to be applied to the amplifier 
U31 to control the offset voltage attributable to the current flowing through the resistor R41 . 

is The D/A converter U30 scales the difference between the inputs REF( + ), REF(*) using the binary data 
supplied to input tines B1-B8 to produce a current output pulse (OUT and a current inverted output pulse 
IOUT. The two outputs IOITT, I OUT are fed to the amplifier U29 which convert the current outputs into a 
single voltage output The scaled, conditioned pulse is then applied to the output circuit comprising the 
amplifier U28 and the transistors Q3 f 04, 05, Q6. Q7. The circuit produces a high voltage pulse with the 

20 aforementioned rise and fall characteristics to drive the piezo-electric transducer 434. 

The high voltage pulse is applied to the transducer 434 and causes a droplet 2 of fluid to be propelled 
onto the target 1 . Since the pen down signal PENDN Is still applied, additional droplets 2 are produced from 
the jetting head 400, The plotter 800 moves the jetting head 400 and target 1 along the desired path during 
the emission of the droplets 2 to produce the desired printed line. When the printing is complete, the plotter 

25 800 removes the pen down signal PENDN and the droplet emission stops. Of course it should be 
understood that dots, circles and the like could be produced by appropriate positioning of the target 1 and 
jetting head 400. 

The size and uniformity of the droplets 2, as well as the presence of any satelite droplets, may be 
observed with the aid of the scope 950 and the LED 900. The scope 950 and the LED 900 are positioned 
ao such that the droplets 2 pass between the scope 950 and tne LED 900 and within the focal range of the 
' scope 950. The strobe pulse when applied to the LED 900 causes the LED 900 to momentarily flash. The 
timing of the activation and the width of the pulse may be adjusted such that the flash occurs when the 
fluid, expelled in response to the high voltage pulse, is between the scope 950 and the LED 900. The 
dispensed quantity of fluid may then be observed in flight or at or near the momement of separation from 
35 the orifice 433. Corrections based on tne observation may then be made to the system 10. . 

* Since each droplet 2 is small in volume, the droplet 2 may be rapidly absorbed Dy the target 1 . thereby 
. allowing rapid and precise placement of a variety of reagents on the target 1 with reduced drying time and 
reduced potential of fluidity mixing. In addition, the ability to place small droplets 2 in a precise manner 
enables the target 1 to be printed in a high density matrix with a variety of reagents as isolated matrix 
40 elements. 

In some printing applications, particularly when printing fluids of flow viscosity and surface tension, it 
may be desirable to force the fluid through the jetting tube 432 under pressure ana allow the vibrations 
produced by the transducer 434 to break the emitted fluid stream into precise droplets 2 Under this mode 
of printing, the emission of droplets 2 can not be stopped by cessation of the tranducers activation Duise It 

4$ is therefore necessary to prevent fluid emission by other means. One . preferred means of momenianly 
stopping emission of the droplets is shown schem atically in Fig. 4. In this arrangement, structure simiia- to 
structure represented in Fig. 3 in form and function, is represented by like reference numerals. 

The arrangement, generally represented by the numeral 20. includes a closed reagent recirculation 
system comprising a normally close three way valve 970. a sump 960 and a recirculation pump 980. in the 

so continuous mode, the reagent fluid is forced out the orifice 433 by hydraulic pressure and broKen into a 
series of substantially uniform droplets 2 by movement of the transducer 434. A regulated, filtered air 
supply 100 is used to pressurize the reagent fluid reservoir 200. The reagent fluid within the reservoir 200 
may optionally be agitated by a magnetic stirer unit 990. This is especially useful for reagent fluids 
comprising suspended particles. 

55 The three-way valve 970 comprises a common channel, a normally open channel and a normally closed 
channel. The fluid is forced through the filter 300 and applied to the normally closed channel of the valve 
970. When the normally closed channel is closed, the normally open channel of the valve 970 functions as 
a vent for the reagent jetting head 400. The common channel is connected to the reagent supply tube 430 
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of the jetting hoStf 4O0."*The re*g«»t supply tube 43Q/IS, ^Sb cojiQe*cted to the^ffmp 960* 

In operation, the normaJly closed channel is opened by an appropriate signal supplied by the computer 
700 which also doses the normaJly open channel. When the normally dosed channel Is opened, fluid is 
permitted to pass to the sump 960 and to the jetting head 400. The sump 960 collects the reagent fluid not 

6 transferred to the jetting head 400. The sump 960 supplies the collected fluid to the inlet side of the 
recirculating pump 980 which returns the fluid to the reservoir 200. The returned fluid is then mixed with the 
contents of the reservoir 200 and is available for recirculation. 

When operating in the continuous mode, rather than interrupt the continuous stream of print pulses to 
the jetting head 400, the printing may be momentarily stopped by closing the normally closed channel of 

io the valve 970. The dosing of the normally closed channel stops the flow of reagent fluid to the jetting head 
4O0 and allows the jetting head 400 to vent to atmospheric pressure. With the fluid supply blocked, the 
transducer 434 is unable to expel further droplets 2. Thus, if positioning of the target 1 by the plotter 800 
requires a longer time interval than the time between droplet 2 emission, the computer 700 may dose the 
normally closed channel of the valve 970. The plotter 800 may then position the target 1 or position a new 

is target 1 as desired. 

When printing, the active ingredient of the reagent is tailored to achieve a desired concentration per unit 
area on the target 1. However, to a certain extent the final concentration per unit area can be adjusted by 
varying the density of the droplets 2 printed on the target 1. The preferred embodiment is particularly well 
suited to this application due to Its ability to print precise, discrete pets of reagent. 
20 A second preferred embodiment of the jetting head Is illustrated in Figs. 6a-6b and is generally 
represented as 400'. The jetting head 400* comprises housing formed into three sections 401', 402*. 403'. 
The housing section 403' comprises a recessed region which forms the reagent fluid reservoir 200' when 
the housing section 403' is positioned against housing section 402*, 

The jetting head 400/ further comprises a piezo-electric transducer 434' and a reagent jetting tube 432* 
25 similar to those of the first embodiment. The jetting head 400' and the transducer 434* are most clearly 
shown in Fig. 6b. The jetting tube 432* defines an orifice 433' at one end and a reagent fluid receiving 
aperture 43V at the other end. The transducer 434* is mounted to the jetting tube 432* concentrically about 
the mid-region of the tube 432* with epoxy. 

The transducer 434' and the jetting tube 432' are positioned in channels 420*, 418*, 416' located in the 
oo housing sections 402', 401'. The channel 416* comprises a plurality of sealing teeth 412* operative to 
engage and seal against the fluid receiving end 43V of the jetting tube 432\ The channel 416* is connected 
to the reagent fluid supply channel 430*. The supply channel 430' is connected with the fluid reservoir 200/ 
by means of an aperture 43V through the housing section 402*, shown in Fig. 6b. 

The reservoir 200* comprises a flexible reservoir lining 20V adapted to contain the reagent fluid. The 
35 lining 20V comprises one aperture which is connected to the housing 402' to allow the fluid to pass from 
the lining 20V. A vent (not shown), located in the housing 403\ allows the space between the reservoir 200' 
and the lining 20V to be vented or pressurized. A filter 300' is positioned within the aperture 202* to trap 
unwanted particulate foreign matter. 

Electrical pulses are supolted to the transducer 434* by means of two contact pins 422*. The pins 422' 
40 are inserted through respective apertures 419' of. the housing section 402' and respective apertures 42V of 
the housing section 403'. Two thin electrically conductive strips 410', 41V, shown in Fig, 6b, are used to 
connect the transducer 434' with the contact pins 422'. A protective shield 405* extends from the housing 
position 403' to partially isolate the protruding portions of the contact pins 422'. 

The function and operation of the jetting head 4O0' is similar to that of the jetting head 400 and 
45 therefore will not be discussed in detail. The collapsible inner lining 20V of the reservoir 200 allows the 
jetting tube 432' to be primed by pressurizing the reservoir 200* through the vent 205'. Once primed, the 
jetting head 400' may be used as described above in reference to the jetting head 400. 

The jetting head 400* provides an advantage in that the entire fluidic system is contained in one 
housing. Such containment allows for fast and efficient replacement of the jetting heads without fluid 
so contamination problems. 

A third preferred embodiment of the jetting head is shown in Fig. 7 and generally represented as 400', 
The jetting head 400* comprises a housing 403*. a reagent fluid supply tube 406', a piezo-electric 
transducer 434* and an orifice plate 404*. The housing 403* defines a conically shaped fluid chamber 432'. 
An orifice plate 404*. defining an orifice 433', is fastened to the housing 403' such that the orifice 433' is 
55 located at or hear the apex of the conical fluid chamber 432*. 

The fluid feed tube 406" is attached to tne housing 403* and defines a supply channel 430'. The supply 
channel 430* is in fluid communication with the fluid chamber 432" by means of a connecting channel 43V. 
The base of the fluid chamber 432* is formed by the disc-shaped transducer 434*. The transducer 434* is 
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held in position by a hold down plate 40r«fettached UHfce houweg 403*. T^.efecjrical tonnec tions to the 
transducer 434* are of conventional design and are therefore not shown. The housing 403* further 
comprises a threaded aperture 406" for mounting the jetting head 400" . 

The Jetting head 400* operates in a manner similar to the Jetting heads described above. However, in 
this Jetting head the transducer 434* is normally disk shaped. When the electrical pulse is applied, the 
transducer 434' bends slightly, thereby altering the volume of the conicalty shaped Jetting chamber 432*. 
The change in volume of the chamber AZ2T causes the expulsion of fluid through the orifice 433* and the 
intake of fluid through the supply channel 430* as described in reference to the Jetting head 400. 

A fourth preferred embodiment of the Jetting head is shown in Fig. 8 and is generally represented as 
400* . The Jetting head 400" Is very similar In form and function to the jetting head 400 and will not be 
described m detail. The jetting head 400" comprises two symmetrical housing sections. The sections may 
be connected together by means of apertures 409" and screws, not shown. When assembled, the housing 
sections 404", 402* form a T-shaped supply channel 410* . 

In operation, the Jetting head 400* functions in a manner similar to the jetting head 400. The jetting 
head 400" Is especially suited for use in the continuous mode, but may also be used in the drop on 
demand mode. In the continuous mode, the fluid is circulated continuously through the supply channel 430" 
allowing the Jetting tube 432" to withdraw as much fluid as required. 

By way of illustrating and with no limitations intended the following information is given to further 
illustrate the above described embodiments. The computer 700 Is an IBM Corporation Personal Computer 
with $40 kbytes of RAM memory. The interface unit 600 is a Burr Brown interface unit model number PC 
20001. The plotter 800 is manufactured by Houston Instrument as model number DMP-40, Communication 
between the plotter 800 and the interface unit 600 is performed through a standard asynchronous serial 
communication port 

The electrical pulse applied to the jetting head 400 to activate the transducer 434 comprises a rise time 
of approximately 5 usees, a fall time of approximately 5 usees and a pulse width of approximately 35 usees. 
When the transducer 434 is operated in the drop on demand mode, the voltage potential of the pulse is 60 
volts plus or minus 10 vohs and the pulse frequency can be up to 4 khz. When the transducer 434 is 
operated in the continuous mode, the voltage potential of the pulse is 30 volts plus or minus 10 volts and 
the pulse frequency can be up to 10 khz. 

The Jetting tube 432 is manufactured from a pyrex glass tube and measures .027 inches outside 
diameter and .020 inches inside diameter. The tube is drawn to a closed taper in an electric furnace. The 
tapered end is then cut and ground to a desired orifice opening of .002 to .004 inches in diameter. The tube 
is cut to a final length of .945 inches in the case of the dispenser embodiment and uttrasonically cleaned m 
acetone. After being cleaned and dried the large end of the tube is fire polished. If desired, the orifice end 
of the tube may receive a coating, such as a hydrophobic polymer, to enhance droplet separation from the 
tube. 

The supply tube 430 is formed from .023 inch inside diameter and .38 inch outside diameter 
polyethylene tubing produced by Intramedic Corp. as model number #14 170 11B. During assembly, one 
end of the tubing is stretched over a warm tapered mandrel. The stretched end of the supply tube 430 is 
then inserted over the large fire polished end of the jetting tube 432. The assembly is then cleaned and 
baked in a circulating air oven at 50 # C. for 10 minutes. 

The transducer 434 was purchased from Vernrtron of Cleveland. Ohio as model number PZT-5H. The 
electrodes 437, 436 are compnsed of nickel and are separated from eacn other on the outer surface of the 
transducer by approximately .030 inches. The jetting tube 432 is inserted into the cylindrical piezo-etectric 
tube 434 and secured with epoxy manufactured by Epoxy Technology of Bellenca. Massachusetts as model 
number 301. The epoxy is apolied at the junction of the tube 432 and transducer 434 with a synnge. The 
epoxy flows along the tube 432 inside the transducer 434 by capillary action. The assembly is then baked 
in a circulating air oven at 65 # C. for one hour to cure the epoxy. 

The contact pins 422 are secured to one of the housing sections 402. 404 with a drop of epoxy. The 
transducer Jetting tube 434, 432 is placed in the housing such that the orifice end 433 of the tube 432 
protrudes approximately .030 inches from the housing 403. 404. A drop of silver epoxy is placed between 
each contact pin 422 and the transducer 434 to ensure a secure electrical connection. Epoxy is also applied 
to the junction of the housing 402, 404 and supply tube 430. The other section of the housing 402, 404 is 
then screwed into place. 

The periphery of the housing 402. 404 is sealed with a capillary sealer such as cyclohexanone. Epoxy 
is then added around each contact pin 422 and around the orifice end 433. The assembly is then baked in 
a circulating air oven at 65 *C, for one hour. 

The filter 300 is formed from a polyester mesh with 30 urn pores and positioned in a polypropylene 



12 



. * •* - 0 2SB2ST m . * - 

m • m m m mm * * * 

° • • • •» ***# m 

housing. The air pressure supplied to the reservoir 20$ during «c©ntinuous panting stations is regulated at 
approximately 10 to 30 psi. 

The reagents used have the following characteristics: 
Printing (drop on demand mode): 
5 Fluid viscosity range: 1 • 30 centi poises 
Fluid surface tension: 20 - 70 dyne/cm 
Printing (continuous mode): 
Fluid viscosity range: up to 50 centi poises 
Fluid surface tension: not measured 
to Dispensing (drop on demand mode):. 

Fluid viscosity range: 2-30 centipoises 
Fluid surface tension: 20-70 dyne/cm 

A measure of the performance and selected operating characteristics for a typical jetting head ore 
presented in Figs. 9-11. Fig. 9 is a graph of the mass of a droplet as a function of droplet emission 
is frequency for three fluids. The viscosity of the fluids were 1, 5 and 24 centipoise and the transducer 
excitation pulse width was 35 microseconds. As shown in Rg. 9, the higher fluid viscosity results in a more 
stable operating performance of the jetting head, Rg. 10 is a graph of droplet velocity as a function of 
droplet emission frequency for fluid viscosities of 1 , 5 and 24 centipoise. The log of the total fluid weight as 
a function of the log of the number of droplets emitted is shown in Rg. 11. The fluid used has a viscosity of 
20 2 centipoise, a surface tension of 20 dynes/cm, and a density of .8 grams/cc. The transducer excitation 
pulse was 80 volts and the excitation frequency was approximately 71 1 Hz. 

Some blood typing reagents and some allergen reagents have very low viscosities and surface 
tensions. Although In some cases viscosity modifiers, such as glycerol, dextran, glucose, and the like, may 
be added to increase the viscosity. 8 few reagents are adversely affected by such modifiers. 
25 Developing stable and reproduceable demand mode jetting is difficult with very low viscosities. 
Although droplet emission can be established at some fundamental frequencies, the droplets dispensed 
may have small satelite droplets which reduce the accuracy for metering and dispensing applications. 
However, even with the satelite drops, sufficient reagent is adequately delivered for most print applications 
without a substantial decrease in print quality. 
30 Glycerin may be used as a viscosity modifier to Improve jetting reliability and to prevent obstruction of 
the orifice arising from evaporation of the reagent fluid components. Glycerin has been found especially 
beneficial for those reagents containing particulate material. The evaporation of the fluid component results 
in a concentration of glycerin located at the orifice. The plug of glycerin substantially prevents further 
evaporation of the reagent fluid. During the next activation cycle of the transducer, the plug of glycerin is 
35 expelled from the orifice. 

When operating in the dispensing mode the volume of the droplets can be varied to substantially 
uniformly contain from 100 pico-liters to 1 micro-liter. The droplets can be produced at a rate of 
approximately 1 khz to B khz. When operating in the printing mode the size of the pel made by each 
droplet measures approximately .001 -.01 2 inches in diameter. 
40 A copy of the program used in the computer 700 for a printing operation is attached hereto as Appendix 
A. The values, manufacturer and manufacturing part number of the circuit components of the jetting control 
unit 500 are substantially as follows: 
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RES . 4 / rNOhi , t*sV/.«-XT5T e w . z . 




R35 


RcS . 5 luOril'iSiV/rixxo , S C . ; . 




R43 






R60 






R37 


RES • 75KOHMijV;ATr5%C . F , 




RS 


RES , 7 SKOHI'I^ATr 1%K . F . 


DALE RN60D7 6S2F 


Rll 


RES . 8200HM^V7ATT5%C . F . 




U2, IX, 14, 16,22 


RES. DIP NETWRK. 47KOHM 


CT9 761-1R47K 


C21,41,45 


CAP . AX I ALIMF(§250VDC 


HAL LORY ^TC56 


C24 


CAP . AXI AL2 2 0MF^2 5 0 VDC 


I4ALL0RY 






LP2219250C7P3 


CIO 


CAP.A:<IAL ALUI'3 elec. 


HALLORY 




4700 OMF<?25VDC 


TCG472 VC25MIC 


CI, 2, 3, 55, 60 


CAP. RADIAL DIPPED ZnZTI. 


KEKET 


10MF@25VDC 


. T350E106M025AS 


C53 


CAP. RADIAL DIPPED TANT. 


KEI^IET 




1MF@35VDC 


T35OA105K035AS 


C36 


CAP . RADIAL DIPPED TANT. 


KEMET 




47HF§10VDC 


T350H5 56MC10AS 
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Ref. Numeral 
6 of Component 

C54 

C57 

70 

C49 
C39 
is C6 

030,35,37 
C4,7 

04,5,6,9,11-19, 
22,23,25-28 

031-34,37,42,43 
47,48, 50-52 
25 C56,5a,59 

C46 

CR7,8,9,10, 
11,12,17 
oo CR1 ,2,3,4 
CR5 

CR6,13, 15 
CR14,16 
U6, 13, 15., 17 
as Q2 , 9 , 12 
08,10,11 
Q4 
Q7 

Ql 
40 03 , 14 
Q13 
U5,27 
U23,26 
U7-10 
U3 0 
U24,25 
U23 
Ul 
U4 
U3 

U12,29,31,32 
U18, 19,20,21 
R24, 42, 63 
R38, 49,52 
R20 
R14,31 



45 



50 



55 



Description 
and Value 

CAP. RADIAL SILV MICA 

100PF300VDC 
CAP. RADIAL SILV MICA 

20PF300VDC 
CAP. RADIAL SILV. MICA 

39?r 300VDC 
CAP. RADIAL X7R MLC 

,O15MF@50VDC 
CAP. RADIAL X7R MLC 

. 022MF@50VDC 
CAP .RADIAL Z5U MLC 

,015MF@50VDC 
CAP. RADIAL 25U MLC 

.01MF@50VDC 
CAP. RADIAL 25U KLC 
.22MF$50VDC 



CAP.VARI .2-12PF. 
DIODE SIL. 

DIODE SIL. FAST 
DIODE SIL.FASTHIVCLT 
DIODE SIL . REF . 2 , 5C0VDC 
DIODE SIL. ZENER3 . SV . 25WATT 
SWITCH 8 POSITION DIP 
TRANSTOR. COMMON MPN 
TRANSTOR. COMMON FN? 
TRANSTOR . HIVOLTHI FREQ . MPN 
TRANSTOR . HI VOLTH I FREQ . PNF 
TRANSTOR. HIVOLTHI I NFN 
TRANSTOR . H I V0LTNPM2N3 439 
TRANSTOR. HIVOLTFNF 

IC 1-SHOT 74HC221 

IC 1-SHOT 74LS221 

IC - COMPARATOR 74HC688 

IC CONVERTER DAC0800 

IC COUNTER 74HC193 

IC KI SLEW HI .VOLT OP AMP 

IC HYBRID DC/DC CONVERTER 

IC OC DRIVER SN7406 

IC OCTAL LATCH 74HC374 

IC OP AMP LF256 

IC OPTO ISOLATOR 

POT100KOHM2sWATT10% 

P OT 1 OKOHMJjWATT 1 0 % 

POT2 5 KOHMJjWATT 1 0% 

P0T2 KOHMisW ATT 1 0% 



Manufacturer 
and Part No. 

KAHGAN 

SD5101J301 
KAHGAN 

SP12200J301 
KAHGAN 

SP12390J301 
KEMET 

C315C102K1R5CA 
KEMET 

C315C223K5R5CA 
KEMET 

C315C153K5R5CA 
KEMET 

C315C103K5R5CA 
KEMET 

C322C224M5U5CA 



JOHANSEN #9626 

ITT . FAIRCHLD . 1N4148 

GENL. INST. EOF 10D 
GENL. INST.UF4007 
NATL. SEMI -LM3 852 -2 . 5 
MOTOROLA 1N4622A 
CTS 206-8 
MOTOROLA 2N2222A 
MOTOROLA 2N2907A , 
MOTOROLA MPSU10 
MOTOROLA MPSU60 
TI , MOTOROLAT I P 4 8 
MOTOROLA 2N343 9 
MOTOROLA MJE5731 
NATL. SEMI MM74HC22IN 
NATL. SEMI DM741S221N 
NATL. SEMI MM74HC688N 
NATL. SEMI DAC0800LCN 
NATL. SEMI • MM7 4HC193N 
BURR- BROWN 3584JM 
BURR- BROWN MODEL 724 
NATL. SEMI DM7406N 
NATL. MM74HC3 74N 
NATL. SEMI LF25 6H 
HEWLTT-PCKRD KCPL2300 
BOURNS 3622-1-104 
BOURNS 3622W-1-103 
BOURNS 3622W-1-253 
BOURNS 3622W-1-202 
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Ref. Numeral 




Description 


•flaritiYftcrurer 


of Component 




and Value 


and Part No. 


VRI 




REGULATOR 5VDC 


NATL . LM3 40T- 5 . 0 


RIO 




RES . H4SGOHI'n ff WATT5%C . F . 




R2,4 




RES . 1 . 2KOE'B*WATT5%C . F . 




R32 




RES . 1 • 6K0HrB>jWATT5%C . F - 




R44 




RES . 1 . 8KOHHJjWATT5%C . F . 




Rl 




res . iomegohm5jv;att5;;c . f . 




R5,R22 




RES.100HM3jWATT5%C-F. ' 




R65 




RES . 10OKOHK^WATT5%C . F . 




R59 




RES . 1 OKOHKijWATTlJJM - F . 


DALE RN55D1002F 


R100 




RES.270OHM 




R101,108 




RES.4700EM 




R102 ;io3 




RES.1K0HM 




106,109,110 






R104 




RES . 47000HK 




R105 




POT. 100KOHH 




R107 




POT.10KOHK 




Rill, 113 




RES.2200EM 




R112 




RES. 22 OHM 




R114, 115 




RES . 470HH 




ClOO 




CAP.10KF03 5 VFC 




C108 




CAP • 10000 PF 




D100 




DIODE 


1N4148 


Q100,105 




TRANSTOR 


2N2222 


Q101, 102 




TRANSTOR 


2N3906 


0103,104 




TRANSTOR 


2N3S04 


U100,U108 




IC I-SHOT 


74LS123 


U103,104 




IC INVERTOR 


74LS04 


105,106 








U108 




IC LINE DECODER 


74LS138 



Of course, it should be understood that a wide range of changes and modifications can be made to the 
preferred embodiments described above. For example, the transducer could be of a type other than piezo- 
electric such as magneto-strictive, electro-strictive. and electro-mechanical. U is therefore intended that the 
foregoing detailed description be regarded as illustrative rather than limiting, and that rt be understood that 
it is the following claims, including all equivalents, which are intended to define the scope of this invention. 
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Xii^tct ^it rriotir rW£ | 

Imjwt UifcritiM 07-14-44 

Wfnt tali terci Um IW rVwul Cwttr USIC builtr TX,00 
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0939 


0C04 


KH nmii'Kiuwt Jtt FrUtir* iSJITmiruigHt CiUintioe* lUKBIZEi 132 


OOU 


0004 






0030 


00 OA 






0034 


0001 




• E. A. Cftrrold 


0030 


0004 






0030 


0004 


•canruwr to iw uion laboratories 


0030 


0004 


-REV15JCX - 7.0 07-01-U U£ KlcroFU •odUicitiw* 


0030 


0004 




- l.ft 0M1-W U£ Crutiot of iiliitl cadi 


0030 


OC04 






0030 


0004 




* nil ctxit cu only U cotpUri ly Ui USOT 


0030 


0004 




OWJLEt, It vill lot net v4v U* IITOTHna!! 


0Q3O 


0094 






0030 


0004 


'CCSOIfTKSU 


RATA 


CAAi 
WW 




ftt rtijrot ciliintr todilt prtsnti i »*tn viU 12 ftm vru^ti 


0030 


0O04 




it 3 coliut of 4 ran, Tit *rro» ktyt iUo« oevtiMt traud Ui 


0030 


MAX 


• 


tuit, tti ♦ ud - kn* Ucrrtmt or dicrtiMt vilut li Ut first 


AATA 


MM. 




tolutn, ud tht tfttir kir itKtrtH cotuidi in Ut tMrd colut. 


0030 


MAI 




Tkt Mtoari coIum it « trny of ASCII ftrUp nprifiotinf rtijtnt km, 


0030 


0004 




twcwtritioi, draiity, ud tWewity. Tfci viUn ttttrtd U colu* oat 


0030 


0O04 




«ri drop fruuucy, folft tidtk, ttrooi diWy, ud nenlt 


0030 


ArtAi. 




Tbt couudi is tht third coliu vi sttrt/stop, iMd, uvi, ud uit. 


0030 


0004 






0030 


0004 


•DA7AMCnM«T 


0030 


0004 




RDVt foiotir to vkich m« Uh if utivt (0-iU 


0030 


0004 




KEKWC17, U Amy for strict rui to dipWy Ui mo 


Q03O 


0004 




KEXI(t7,4) Amy for lutbtrt ii Ut itw diffWy 


0030 


0004 




91FFX Difftrtfltul to Mvt *OWX it vtm kty ln#rt 


0930 


0904 




TTfn Pointrr tit dwjtj ttu tcia U dirtct action 


0030 


0004 


w 


KEYIUFf Storiqi for stnt^ upit frot my dlsplty 


0030 


0004 




IS OtftinAtm (or lioqlt irrstrokt iipoti 


0030 


0004 




niil Stnoq «h«rt HI mm it bvtlt for rtijint diti fill 


0030 


0004 




ICAXAAEt Strtsf «Urt rti|ut iui is itorid 


0030 


0004 




XI loi to dtspliy spKitl qriphici thirtcttr i» ihhi 


0030 


0004 




CI CaU»n (o diipUy fprcial friphics chtricttf it mm ' 


0030 


0004 




n SpKiii tripfcict cktricttr is rttd lite ktrt 


0030 


OOU 




OU.W.VAUJa Uti?K villi for uttis |«1<i Itplitvdi 


0030 


0004 




5ICVAU V*Ut ut to distil port 0 to itc/dic loplitidi 


O030 


0004 






0030 


0004 


so lacm.uumTi nine 


0047 


0404 






0047 


0004 




•US3B»(]7 v n,K]B(17 t 4) 


ooa 


01FI 






ooa. 


OlfE 




BSOI lUTJAUZEi 'rttd itit. tUw ud wt scrta 


004C 


oin 






t(Ai 


MFC 




»iu ma oi 


0051 


0200 






0031 


0300 




Trfa • • 


0010 


02*0 






oou 


0204 






OO&A 


0704 






0071 


MM 




u • iwxrr 


00S3 


o:o4 




IF ICTXVS • 1 AKS OCUITinE < TUOt TXOt 60SUI PfXDOW 


MAO 


0204 






0010 


0704 
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RtiftAt Jit Frinttr 
Rii^tnt Wibrmw 



Offfit QtU Smtci Uni 



I2t2ii57 

IBK Pirwoil C&ipottr BASIC CoipiUr Y2.00 



25 



30 



35 



OOBO 
06CA 
OOEO 
OOF* 
0111 
0140 
OUS 
018ft 
OIK 

oia 

OiDB 
OlOB 
01DP 
Ot£& 
0IE6 
01EA 



020A 
020A 
0204 
C20A 
030ft 
020A 

o:oa 
o:oa 

020A 
020ft 
020A 

o;oa 

020A 
020A 
020A 
020A 



if a* « cxMtij) the* ma « li ^ ; 

IF AS • TKOt TYPE! • 2l 

IF AS « '-• IKE* TTPEX ■ 3i 

IF AS » CWUtO) ♦ CWt*t72J TKO TTPEI « 4t 
IF AS • OK* 10) ♦ Otft 1801 Tf£X HPS ■ It 
IF AS « CXMIO) ♦ CXWI7S1 IHEJt TTPEI « i: 
IF AS « CttltO) ♦ OUH177) TKEM TYFG » 7l 
IF AS > CKHU7) AXD At < CUIUS) 7KEX TTFTI 

DK TTPEI 60SOT T1 T T2, 13, T« f U, Ti, n, TB 



cricntt <cr> 
Itttriitot virufelt 
'tficroiat will It 
ap wto» kty 

•Itfl vm kty 
'rsqbt irrw kiy 
■ 8*' ivcii O-i 



VETO 

TYPO » 0 

HIT SUB 
m IPASE 
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6 JUm«t Jrt friatir **a z 

Ui^wt WUritioa !7-l4-*4 

12i21iJ7 

Sovrct Itt PtrtMil CM^vtK US1C U«?Utr 

•iiiiimmm s&ravniB n» wis rqwh iimittm 

Hi '<cr> a teat t eoutM 

IF rtWI < 12 TKDf TTPO 1 OtRfftftXi 'nit to priit una, m utioo 

w kdux - u wan tu, tu, tic, tid 
if kdux < is ma ma • o 

TJfc 'itirt/ttop rfroo flo» 

IF IE*W12,0) « •STMT* TKW WOT nMT.IW 

u rcsu*ii2,oi • "stcp 9 mx caai srcp.m 

KBUI(12,0> • W*% 
CCLD8 0 T 7iWSUl OISPIOU 

STMT, mi 

TWI • 'STOP • 

am dot.oxi 'u w*ait pc: 

LOCATE U,7liCBl« 27,0iP*lXT 'PRWTlWf 
JUCTtVtl ■ I 
KTUW 

STCMtti 

TOT* - 'STMT' 

CJU1 (OT.CfFt *W tefcilt PCI 

LOCATE I7.7UCXOR lS f 0;HW • 

activex • • 

RETW* 

Tilt *l D4d rii$«nt pr^iW 

IT KEXUm.lJ « THEM LOWU 23.1:PMKT 'Rtajtit Kut is not ipicHUd'; tSOSUB* IXYttTtftETUIW 

ccsui stuot 

JF IX < IREAWJKX ♦ 1) mx GOTO F0W8 

locate r f io*ux(rxjujiu,tn/2iPE!in Kcxutu,i>|* tot Few**! 

OSUI UYtTTi *iiit for i tidbit 





Uti 


70 


01U 


02 OA 




01EA 


020* 




oia 


0201 




010 


02 OA 




02C3 


02X 




0211 


(QCC 


75 


one 


029C 




0230 


Q20C 




0230 


070C 




0233 


020C 




023A 


C20C 




C27F 


020C 




02H 


C210 


*V 


02AC 


wiv 




030 


MIA 




0210 


MIA 




033 


0219 




OZSF 


0210 


25 


02a 


0210 


02F1 


071 0 




02F8 


02 19 




02FC 


0210 




02fC 


0210 




0301 


0210 


30 


0301 


0310 




0317 


0220 




0339 


0210 




0344 


0210 




. 034B 


0210 




0349 


0210 


35 


0340 


0210 




0391 


0710 




031 J 


0210 




03 V 


0210 




03T7 


0210 




03U 


0214 


40 


0404 


0214 




040A 


0214 




04* 


0214 




040£ 


0214 




0413' 


0114 




WJ7 


0211 


45 


0441 


0211 




04U 


0211 




049! 


0211 




out 


0211 




0401 


0211 




04F4 


0218 


50 


0311 


0719 




0311 


0218 




0539 


0211 




0541 


0211 




0513 


0211 




05A1 


0218 



FILES • lIBHTIISmilXMUlSTUtniM) ♦ 'm.vv 

0PO F1UI FOR IIPVT U III * M t pittiro tfiU fill for rti< 

l\OW II fKOtU(0,01 1 rui frt^tflcy 

1KPOT ti.KEWU.Oh rui Oflltrit 
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HPVT tl t WCU(4 ( 0) t r?il riu tut 
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jXPtfT ll,l©QrtI7,!)i rtii concmtritiu 

1KPUT ll r TEKUIlO t l)l Vu( liMity 

ICPUT UtKSOttlMh 'ru* mcoiitr 

IXFUT it t XCKUfft0 T l)i 'nil tuHut ttasiM 
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0W1 OJ1 lit <» tl 
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0SF4 0211 ttCS£ II 
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0465 W " • . — J i » 

Bias nil TIC* un ri»9»t prwlli 
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044E 9211 »B •KUDIR.WV FOR WW 15 II 

ouF nu ixm iifUMoa 
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0B8I 0220 
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0220 
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8220 
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0VF1 






09Fi 
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©A03 
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0413 
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0433 


0220 




0A3C 
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0MO 
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SEAUXi 



era 'Kuit.ur for iktut as ii 

INPUT ll,REAXUXl* 'rtU ttustr el iiUtrti it dir 

H • Is *ut totrr pointir 

SLfiOFi 

UK 1W0T ll.Aii >r« tut pUUro qui fro* dir 

IF At ■ KKJfU.li THD HTD SEAttH.KKj 'cMptrt nut «ith dir »try 

IX ■ II ♦ I 

IF 11 ( IREAKJKI 4 1) TKEX S0T0 SLOOFt'citck for doat 
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close ii 
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IF KXTC ) 5 TD Rnua 
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IF OaTATIHt > 0,15 TKO( WLTI • 1 ELSE MULTX ■ KULT1 ♦ I 
IF BW1 ) 100 TO HJLTX • 100 

pobj(kdwx,o) » TOwinoro.o) ♦ rowiRowi,:) • rant UcrtMtt 

IF BTKU(Kn\JI,$l ) namiflQtui,!) TKDJ lOUWDWl^l • KW(ROtW,lh 'lUti tn vilu 
aSJ« JS.IiSOSUI BIS?AaU:RETU«U 'tho* •» v«Ut 

T3i >fo«i*i •-• try 

IF KOtUI ) 5 HO tETUM 
KCVTIKE • Tixa 



21 



0 26*237 mt 



RujMt Jit rtjattr 
ftfujtnt CjlUritio* 

Offitt Mi Soirct Lilt 



TO 501 


022E 




6ELTATJXE * ROfTIKE * OLBTIWE 


flCIl 






our.xt • KnrriKE 


nm 
VUj 






IF lELTITlH > 0.15 TK£X ItULTl • 1 K0LTX » RJLTX ♦ t 


0C77 






IF NH.TI ) 100 TTO RULTI ■ 100 


OCJ? 


022E 




KDtDtfOUI.O) » l©WIKEXVi,0) - KEWtHEWX t 31 • HULTIt 'nb Ucruwt 


0CC1 


022£ 




IF ftOU(KEA/l t 0) < KEXWKEMJl,*) TKEH KBWlR£XUl,0) * IEXUtfi£XUX,2)i 'citck no rUui 




02 2£ 




COLOR I3 t liS0SUI OISPKEXUtETTUSlt "iham otv vilst 


0049 








0049 


A77P 


T4* 


'proctst op irr cm key 


ntur 






IF HfWH MD A » 0 TKEK KTUBIj *!• too rn tlrtufy 


wo* 






0IFFI * -ltKJSUJ IIXKEW: RTTWIh *«ovt poiotir ip oot 


0074 


0230 






20 0074 


0230 


T3j 


'prottis do*a irroi kry 


0079 


0230 




IF KOO/l TOO 4 • 3 TKOJ KTTWJIt *li lotto* rem tlnidy 


0D8F 


0230 




OlfFI * ItCOSUt XEVKDMRTTURit *uvt pei&ttr <o«t est 


0B46 


0230 






AftftA 
Utmv 




T4; 


'emeus lift irr&a ktr 


0M5 






it ImTikfhut mi ■ A Twrv emotX *!• lift eeluu tlrtufv 


•se Ann 
25 0DC5 






BIFFX • -itGOSUB HOfK£KUiKCTURMi 'tevi poiattr oat lift 


000 & 


0230 










T7* 
1 /* 


'nrertct rieht irras ktv * 

it itrriKmn / Ll » ? THtTt inuftX *!• rieht coluin ilrttdv 


000B 






09FE 


0230 




MCT7 ■ itcnartt vrirenn]*CfTmMt 'tmi taintrf m> riflKt 


A? AC 

otwr 


02 M 






30 0E0F 


0230 


TO* 

Tot 


*i«nat Uwt inta ttTBUFI tiatil (rr) it mt»f«(l 


OEM 


0230 






QLU 


viiO 




LfJCATE 55 30iem_BJt 31 0*filllT *t¥TD KQf VALUE*: iCCLM 15.0 


CEL5 


0230 




mromt x at 


0E3F 


0234 




uill f >• /\ MSf MT1 

VHlLt A* utxrilJ) 


0ET2 


0234 






35 0£8F 


0234 






•OlA? 


0234 




AS * 


093 


0234 






CEC2 


0234 




R» » IU4.I1 


oecc 


0234 




if ACTivti • i m immi < tiheh do wsw pa.Dow 


OEFA 


0234 








0234 




IF Al « CM! 18) AM intmSUFU ) 0 TO* KFJBUFI * LXnittFJIUFf f LEMtBXTSUF<1-l] 


CHB 


0234 




IF Af ) 01**131) MS IDUttTBUFI) ( 13 THEM OYIIFI • tCtTBUFI + AS 


CF73 


0234 






on? 


02*4 






on? 


0234 




IF MWI ) 5 1KFK SOTO STOKSTtltt 


0FB8 


0234 






< 5 QFBB 


0234 




TF.RP < VALIKnurn Uitp b«s vaUt of tt 7 f inpot 


ons 


0238 






0F9I 


023B 




'rcjod off tin iccsrdinf to stip lilt la irto irriy 


0F98 


023B 




TtK? » IMTiTtHP ; HffMUClS!Wl t 3n ♦ .3) I KEVUCROttJl^) 


ofoi 


0238 






50 ° m 


0238 




'ttlt TFJ7 for luinu <ftd tisfiu vtluri in iui arr^r 


y 0F0I 


0238 




IF TTKP > KXUtKCVUI.il TTOI TOP « KDW(REXUI,1) 


1010 


0238 




IF TEW < KHJWDtU:^) THES TEW • rotU(REJOn,2J 


104F 


0733 






104F 


0238 




•jBjrft tt« valur into iws irrty m4 opditi icrtn 


104F 


0238 




KWJlROlUttOJ » TtW 


55 1041 


0238 




LOCATE 25,30»FIl« SPACE* (O)j 



07-I4-I4 
12i2ii37 

Itt Ptruiil Cotpittf IUIC Cwoiltr V2.00 



22 



0 268227 



6 

lUiajtt Jit Mnttr »« T 

fatgnt CjIUmUm 07-14-44 

12j2H37 

Offwt Cuti Sourcf Ust IH fir tot!) tMovtir lttlt C*^ll*f YLM 



10 


1098 


0738 


CCL3t 0,71605111 eivStJU 


IWI 


0738 






10TZ 


03 IB 






IWE 


0233 






J 0*3 


Q23S 






108F 


0738 




75 


100C 


0233 








1233 






ion 


OCT 






ion 


0238 






ion 


0731 


ft/rwtrrtve « Tim m t 




1107 


0238 


HUM I3|~ | 


JO 


un 


0238 






uu 


0238 






tin 


0233 


JUtu.ii 




1120 


0238 


LOLlTb 25»Mtrllil Sinn «y «n». | 




UJA 


0238 






1144 


0238 


KHIU AS • 


25 


1153 


0238 


i* > tWtVt 




USD 


0238 


KO0 




uto 


0233 


lUUHC S|ltCQL0X la*PiTM*l V*UI W WWW 19,1 




UH 


0238 


snucx 




tm 


0231 






uw 


0238 


XEWtEXlh -r.ti til UH t« y»Uo»* point lo Ml big.uokt »w UH 


90 


UTF 


0238 


COLDS 14.0.M5V1 OlSFHtXU 




1181 


0238 


fJEXSl • JCHJX * Dim 




im 


0238 


if hexui ■ li Txn Ronjx • 10 




11CF 


0233 


IF HO0JI > 15 TKSl ntWl » 15 




tui 


CZ33 


0,7i60$Ul 0I5T«EW.*UWX 


35 


UF7 


0238 




11F7 


0233 


TJITJAUTE: 




11FC 


0238 


'cttuqr ie ikdo4 jertw i»d tfiuUy usiifti 




HFC 


0238 


SCBCEX 0.0,l.l:CIX.un J,Qiu.5:luCAit 10,2*1 null Miiu-JixUg Kmu Dit^liy*) 




1740 


0233 


L0CATI 12,33teRUT *PW»w tut...* 




125* 


0233 




40 


123* 


9233 


'Joitiilixt viritMt* 


123A 


0238 






123* 


0733 


ACTTC1 • ft* tot rrifttitf 




mi 


0731 






mi 


0238 


'itiUillxi flfittir cot cbwil 




1241 


0238 




45 


I2H 


0238 


era •cbjui2<oo ( m.2* as n 


•1273 


0233 


nun iviikb.efvi.iti 




1293 


023S 






1283 


0233 


MiftUUxt i\\iU\ fort 




1283 


0238 


sen « 4 




128A 


023* 


CALL OlSITAL.OUTlSOt.) 




12U 


0233 


son • o 


60 


12AI 


0733 


OIL USUAL-CUT ISOTJj >lu rtstt Hot to wt uolH»4f to 0V. 




12SI 


0233 


sen » 4 




1218 


023A 


car •i-iTAi.txntsai) 




12C8 


02U 






12C3 


073A 


'let UTUvt »*Ut ■iltt 


55 


12C8 


023A 


CAU UT.OOT.IlDTKtSl *l» «4uU Ki 



23 



• • • • * . 

• • • * . 



5 

BitQvtt it\ Priottr PACT I 

Utfttt CiUkritior 07-14-44 

Ifc2it57 

Wfwt- CiU Sovrcr Uot IH PimomI Ca*pottr USIC CoMtltr V2.00 



70 T2SE 


one 








Q2S 


'ilJUlliXt MM UTin 




12SE 


US 


CnTOt£ AJttMTl 




123 


C2S 






12£J 


07S 


REAS ROD* 111,01 ,KDCU* (IX, Ml 


1311 


one 




75 137C 


023C 


en a 




I3ff 


wx 






IJ8F 


92S 


'wt tfriHlt ni|«t vtlets 






02S 






138F 




100(0,0) » 20001 


'uplititt 


13&B 




IOUU,0) * Ot 






BBfija.0) • It 


*»trrtt Itliy 


ISO 


02S 


HEWn,0) * WOt 






&2S 


HEBH4,0) • 470) 


*rin Um 


1ITB 
Hi* 




eun^} « otoj 


MU1 Um 


M3A 


02s 






MJ4 




KSUU,01 * Ci 


'«IH 


25 H32 


02S 


100(7,0) « Ot 


'CMcistrttiea 


M6E 


02S 


SW(S,01 » ftt 


'dwiitr 


MSA 


B25C 


NE)U(f,0) ■ Ot 




MM 


02S 


HEAJ(10 t 0) • Ot 


'tvriitt ttflktae 


14C2 


OSS 








02 3E 


cu.akmiluh • o 


*Uitlii viUc el 0 wlls 


30 i ire 

W HUT 


02S 






net 


vi JC 


'duigt ictin disylir*^ kmii to firtt scrMn to Irti wi diiaWy pimitir* 


MM 


02S 






MCI 


073E 


SOOT* 0,0,0,1105 






02S 






ME& 


02S 


CULM 13:UCAT£ 1,3::PRUI •StftUXT CALIBRATE*; 






C5L011 1 




150E 


02S 


FM 1*2 TO 71 




1511 


C2S 


10CATZ 3,l:PRirr *9*s:L0CATE 3 ( !:PRI*T TjilOUn lVKUT •*•) 


iwr 


o:s 


sot i 




131 


073? 


FOT 1M TB 11 






C2S 


ICCATt l.UPRIKT WiilOCMS I,28;PR1XT V;:LDCATE I.tttPRIKT VpUCATE I.JOtPRIXT 




ess 


err i 




M7i 


«S 


RESTORE TAIU 




Ma 


023E 


Fat I«l TO 12 




1*37 


ITS 


ftoi ii t ct,UiU)CATi n,a:rtin wucwij 


1U* 


92U 


KIT 1 




Mas 

1«5 


«« 






02M 


•fHat tKnt hcUingt \ni lutrvetiws 


IH5 


07« 


COLOt 10,0 




Mil 


0244 


LOCATE 4,7;fllXT •ORCP PWAKCTBlS'j 


UA1 


0244 


LOCATE 4,3TifRlJtT •REAEEHT PUlAnntRS' 


MC3 


WW 


LOCATE 4,71:Mm •CCMAWS'i 




50 UCF 
M9F 


0244 






07U 


CCUA 7iL0CATt 21,:0tPim *Um 


•pCttOR 13:r«lIT CKRIt27)iCKRH12JiOatll2.1i 


1729 


o:m 


MWT CHRil32);CHRSt24ljCWn^ 


);CKRI(23)}:CaOR 7:PRIVT * to position biqhllghtii virW\ 


17*8 


0144 


UJCATI n.lSiPUWT 'U$i 'pCClflR 15tMUT •♦•pCatflt 7iPRIWT • or «|iC8UK 13JPRIIT '-'i 


17U 


0244 


COLOR ? i PHI XT to fcrell cvrtAt villi of rr do***| 


»Tti2 


0244 


LDCAT? 23,2itmiKT n<u 'rCOlOR ISiPRIKT •JT'ltCOOR 7tWIIIT* to ictiv»ti ultctlonM 


55 »«« 


«44 







24 



0 288.237 



TO 



15 



U^tnt at frinttr UK T 

UkjwU CalikrUioi Q7-IM4 

12t2ii57 





Wftlt 


feta 


Sourti Lint 












1114 


0344 






HIT 


0X44 


'dlipliy 18 Mia cioicfi it fiUon 




1111 


02*4 






lm 


0244 


our u,o 




ins 


0244 


rat mux > o tq 17 


30 


tan 


02« 


wsut oisrau 




1831 


0244 


icn raw 




uu 


0244 






1841 


0244 


*Mt for rtifttt nut mi kighli|ht it 




. IBM 


0244 


toui ritcaw o f 7 




1C4 


0244 


G05U8 MSPKOU 


05 


ika 


0244 






1B3A 


0244 


SOEDt 0,0,0,0 






0244 






1673 


0244 


R£R S7ASE 



1W PkwmI Unit* BASIC Cupiltr V2.M 



*o 



45 



SO 



55 



25 



0 288J237 



5 



Utqnt Jtt friotir 
btQMi UUbritlot 

'Offitt Jill 5«r« Liu 



PIS 19 

IW Ptrtoatl Co letter SUIC Lupilw 73.00 



75 



20 



1178 

\m 
un 
wi 

IT33 
MSi 
IT75 
H3* 
WA 
1W 

xm 
im 

ITC7 

i?n 

25 I*" 
SAQ6 
IA04 
IA08 
IA24 
IA34 

00 1A57 
IA4? 
US? 
U99 
U9D 
1A9D 

05 IAA2 
(ACS 
1ADC 
t AEB 
IA£f 
IAF4 

40 JJ09 
1115 
1122 
U3F 
IMF 
184F 

'5 II7F 
Itll 

im 
uw 
iwa 

lBIi 
50 UCi 
UCA 
1IU 



0244 

0344 

0244 
0344 
9344 
0244 
0244 
0344 
0244 
0244 
0244 

o:m 

0244 
0244 
0344 
0244 
0244 
0244 
0244 
0244 
0344 
0244 
0241 
02U 
0244 
0344 
02U 
0244 
0341 
024*. 
0248 
024} 
024* 
024A 
024 A 
024C 
024C 
034C 
024C 
C24C 
024C 
024C 
924C 
024C 
024C 
024C 
024: 
024C 



run KEKUfiCTH,o> 

IF KDOX > 5 Tffll WTO WOlSTMUr iq vil«t to ii^ity 

lOUH (TOO! 09 *M2*7 ( HWWBaJI,41 

FSin BSJW SXUf(KDOJZ t l)tKaUUCKn v 0); 

IF REKJX > 2 TO JETUOI 

OK XOGJXM (0508 SET.FKQ, SCT.AXP, SH.KUT 

if rekux > ic tkex era* 

UCAH (KOQa RQ9 4)»2*7 ( 4t 
MIIT • 

UCATE (KOUI HOT i>»2*7,4t 
PftlKT KDWJ(K0UX,11 



SET.FR£5: . 

TOT • KOMO.Cl 
CAU SCT.BOT.IUnmKPh 
USX ■ 3-m(lTEK?4S00)/1060) 
IF USX ( 0 THOt USX * 0 
SOa • 4 ♦ (LQX • 33)1 

caul fiismi.ouTtsmh 



'it •oduli ftl 



S&T.AXPi 



sew • cixTtttwHKWi.ei • rjt t isoi: 
if son • ou.aap.vauju mi umw 
twi « satx - cu.aap.wluEXi 

OJ.AAP.VAt.ua • sail: 
9I6.VAU * i 

JF TW1 ( 0 TV& DIS.VAU • 3 

iwi « usntwi* 

FOR IX * 1 70 WFl 

sax » dis.vau ♦ o:<uox) 
cau oisiTAi.oinisamj 
sm • 4 ♦ m « iesxi 

CAU. 0IS]TAUOUT(SCSXJl 

KIT IX 
fiETVtt 



»tt LB inutility 
*iB wdalt PCI 



'conrtrt volts to »ift*rv Auotr 
'cjUuUU rftltj 

'apditi eU vilut to can-wit vUoc 



'pilw hi;htr or le«*r 
*nt port to Mrul 



ST.KLATi 

TOT * KIUC2,0» 

CALL Sn.5TWU.5EUT(TD5>)i 



*ii wJalt PCI 



55 



26 



0 2B8 237 



ini lit trUtir '« » 

,Hwt Calikr itiw l"! „ 

12tUi57 

Hfttt 8it» S«r« Uu lW Co»pytir IASIC U*MWr Y2.00 

IICA 024C •immhimii MH USO n THIS MWU ««"H«Mi 

ibca 02« 

t< IIU 024C AMD A J I: 

HO" 024C OATA -frwner Hx Vll t lll\I00OO,l,i,U 

1U1 024C MTA 'JUplltidl V • 1 *itl',t»,O l l,if 

U03 o?4C MTA •Slrrti MUt •S > ,Ml f Ul.r,15W w 5,.5 f .5,H 

UW 024C 6ATA •Mm SMU ' f ,Mir 1 W l O f l,M 

1157 024C MTA Hilt Tin VH»\"W,M 

20 l»W 024C MTA *F*U Tilt • l MH , ,W,O l t 1 » 

.1101 024C MU ♦Um , 1 ,, ,0,O,0,0 

HDD 024C »TA t CMC»tritiooY\0 l 0 l 8,0 

ISW 024C MTA •MuitiV ,0,0,0,0 

UE1 024C WU •ViuwityV, 0,0,0,0 . 

ISO 024C MTA *Urim ImiM V',0,0,0,0 

25 IK5 024C MTA -,",0,0,0,0 

ISCT 024C MTA 'START' ,",0,0,0,0 

ISCT 024C MTA W, M ,0,0,0,0 

IKS 024C MTA -SAVf/%0,0,0,0 

ISO C24C MTA •£XITW,0 t 0 t 0 

HEF C24C MTA ",",0,0,0,0 

30 IBM 024C MTA ",",0,0,0,0 

tin 02<c 

isn 024C TASUi 

llfl 024C MTA 5,1,211 

1*4 024C MTA 5,71,210 

HfC 024C MTA J.AI.Wf 

35 jgFC 024C MTA 3,l0,m 

1C00 024C MTA 9,1,191 

IC02 024C MTA 5,21,201 

IC04 024C ' MTA 5,41.204 

1C04> 024C MTA 5,10,111 

1C01 024C MTA l!,l,tT2 

IMA 024C MTA |T,2S f 20S 

1C0C 024C MTA H,4V,20€ 

1C0C 024C WTA lt,W,217 
ttlO . 024C 

1C10 024C t» WS 
IC17 02« 
45 U17 024C 
23ES- «4C 

90424 lytn Av«iiait 
43140 lytts Frt* 



50 



55 



0 JUrol*9 Error til 
0 Stvtrt Error (i) 
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- * 0 26*^3Z - - * 

**** * * * * 

• . . " * 

* • « " 

Riigiat Jit Priotrf * " - • * J J 

Pattiro Entry/todificaticn 07-05-B4 

I0t44:l3 

Offset Data Scarce Unt IBK Personal Coiputer BASIC Coipilir V2.00 

0030 0034 REX ftnU: 'Reiceot Jet Printer' t SUBTITLE: 'Pattern Entry/Kodif 
UaUon' 

0030 0004 'R00OI - 'PATEXT Pattern creation, aodW icatioo, and filing 
0030 0004 

0030 0004 'JUUKCS - X, ft. devoid 
0030 0004 

0030 0004 *Ct?T3USHT <C) ABBOTT LABORATORIES 
0030 0004 

0030 0004 'RFnSlOX - 1.2 03-10-84 MAE Resove House inputs 
0030 0004 * I.I 02-20-84 KAE Add BO pittern Uiit to save 

0030 0004 * 1.0 Ot-13-64 KAE Creation of initial code 

0030 0004 

0030 0004 'STSTEK - Thii code un only be coapiltd by the BASCOn 
0050 0004 ' COMPILER, it will not run. under the INTERPRETED! I 

0030 0004 

0030 0004 'DE5CRIPTI0K: 

0030 O004 • This lodule allows the user to LOAD, SAVE, DIRectory, 0 

m and 

0030 0004 V enter repeat count and other paraaeters lor a pittern t 
o be printed. 

0030 0004 * The low-resolution graphics aode is selected and a aenu 

is displayed 

0030 0004 * across the bottoa of the screen. Using arro« keys 

0030 O004 • point to the action to be taken and then invoke that ac 

tiofl with the 

0030 0004 * Enter key. In the ORA* aode, mother aenu U 

0030 0004 * displayed which allocs the user to select froi LIME, RE 

CI angle, 

0030 0004 * Solid RECTangle, or C1RCU pattern elements. 

0030 0004 

0030 O004 'DATA DICTIOHARY 

0030 0004 • SCXDAU150,5) 51 Ro« (Elements) by 4 Coluan array f 

or storing pattern eleients 
0030 0004 ' CURS0RIC9) Storage for cursor graphics icon 

0030 0004 ' HEW* (4) Up to 7 aenu naaes can be saveo here 

0030 0004 * ELNUm Count of nuiber of eleaents in a patt 

era 

0030 0004 ' n TI Current location of graphics cursor 

0030 0004 * GRID Value of one dot space on the screen 

(default is 0.00!') 
0030 0004 * ROW COLX Location to print instructions 

0030 0004 ' AJ Storage for single keystrokes or inp 

it sir logs 

0030 O004 ' hDiUWJH Vhich aenu is being displayed (1 or 2 

J 

0030 0004 * ITDl Pointer to which aenu itei is highlig 

Ued 10-6) 

0030 0004 * REPEAT! Huaber of tiaes pattern is to be repe 

ated when printed 

0030 O004 ' XOfF YOFF X ind Y axis distance between the pri 

•nting o< repeated patterns 
0030 0004 ' R0»'SP COLSP Row and Coluan spacing for printing • 

ultiple sets of patterns 
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0 2Ba2^7. 



Reagent Jet Punter PASE 2 

Pattern Entrv/todification 07-03-fln 

10:UiL3 



Offset 


Oata 


Source Lioe lBh* Personal Coiputer BASIC Coapiler V2.00 


0030 


ecu 


PATWJKZ Huabrr of patterns stored in 






the pattern directory PATBIH.RJP 


0030 


OOtt 


DRfflfl DCQU Row and Co loan location to display di 






rectory entry* 


0030 


0O0A 


HAKE! Pattern eaee to be LOADsd or SAVEd to 






directory 


0030 


0O0& 


IX JX Counters used to 10A0 or SAVE the ele 






«nt data froi/to pattern data file 


0030 


00 OA 


FILE* Mate of patter* data file 


0030 


0004 


TEKPX Vhicb type of eleeent is being dram. 






i » Uif 2 * RKt angle 


0070 


OO0& 








3 * Solid Rectangle 4 • Circle 


0030 


0004 


FIASI Sase as TEMPI abort 


0030 


0004 


STARTHSS* ENDXSSJ Hessage display for startpoint and en 






dpoint of eleient entry 


0030 


0006 


III YU Starting cursor position for 






eleient being drun 


0030 


000& 


OU OYX Otlta I and Y values used to 






reposition cursor after arrow key 


0030 


0004 


MIITEJ! The highest nuaber itet in th 






e current eenu display 


0030 


0006 


IS IE Starting and ending X position of the 






iena highlighting blue box 


0030 


0006 


* RADIUS! Tht calculated radius of ,a ci 






rele to be displayed 


0030 


0006 


RE* IPA6E 
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ftiagent Jet Frinttr PAGE 3 

Pttttra Entry/ftodifi cation 07-05-B6 



Utf »1 t 




fintrrr* llnm TBH Prrtnnal CfllDIlttr BASIC CaA&iler V5-00 






SUB PATE1TTRY STATIC 




O00A 




0047 


0006 


WIOTK 40jSCREEH hdS 






AIM SOiDATlCSO.S) .CURS0Rlt9) .KEXltfU) 






ELVUXX * OiIXvOxYltOifiRID « 0.005 


AATT 








W*-A^ 


LIVE (0.0)-(6.M..B 


AAA 1 




LIMP (0 31-(i 31 B 


AAr< 




LtA£> WfVI ~ W|OI | ,9 


UUC7 




preset (3.31 


OOFS 


02A4 


BET (0,01-16,6) ,CURSDRZ 


0H6 


02A< 


as 


0110 


02A4 




OUD 


02M 


LIKE (0,0)-(3l9,1901 n B 


0140 








05 A4 


RESTORE IHSTBUC 


0147 


02A4 


FOR 1«1 TQ 4 


01^1 


07A4 


READ RDKT EDIT At 
n&jiw nu**, www*, 




o?tr 


LOCATE RHVT C0!_1»PRIHT Air 




05 tr 


uprr I 


aim 

WJ70 






VlTlt 




r 4K9I I 


A4 A A 

Q1A9 


A^DA 

02B0 








DU3UD 9U0nCJIU 


ft 1 lift 


ATB1 




01BO 


02B4 


OM ITEM ♦ 1 GOTO PAT0IR, PATLQAD, PATSAVE, PATERA* , REP 






EAT, PATnT 


01CO 


02B8 


GOTO FIRST 


0100 


0288 




0100 


02BB 


REPEAT: 


0105 


0258 


G05UB 1TEXB0IERASE: erne bjue boi around SIR 


01DB 


02B3 


LOCATE 25,1:PRINT SPACE! 1391; erise itnu line 


01FB 


0258 


LOCATE 25,l:IN'PUVEnur Repeat Count ',REPEAn 


0218 


028A 


LOCATE :: t l:PRlHT $rACEM39); erase ivna line 


0235 


02BA 


LOCATE 25, 1; INPUT; 'Enter I Axii Offset ^lOFF 


0255 


02BE 


LGCATE 25,1:PR1KT SPACEtl39)j 'erase eenu line 


0272 


02BE 


LOCATE 25,hlKPUTi'Enter Y hi% OHset *,Y0FF 


02?2 


02a 


6OT0 FIRST 


0276 


02C2 


PATHTj 


027B 


02X2 


WIDTH 8O1SCHEB 0:aS 


02B2 


02C2 


E21T SUB 


om 


02C2 


REH fPABE 
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** * * - - 

■ - - 0 2Sft237 o 



* * O ra m o 



Reagent Jet Printer PAGE 





Pattern Entry/hodH icati on 07-03-Bi 








I0:46il3 




■ Offset 


Data 


Source Line IBH Fersonal Coaputer BASIC Cocpiler V2.00 




0736 


02C2 


PATD1R; 'list directory of patterns 




028B 


02K 


5aSU3 ITIKEOI ERASE: 'erase blue box around D1R 


75 


02C1 


02C2 


LOCATE S,1:PRIXT SPACE! (3?)} true nau lint 




02DE 


02C2 


OPEN •PATOJR.RJP* FDR INPUT AS 111 *opw directory 








nit 




o:ef 


02C2 


INPUT 11, PATKUnit 'read amber of patterns in dir 








ectory 


20 


0301 


02C4 


LIKE U,lM3I8 t 169),0,BFi 'erase graphics tablet 




032* 


02C4 


1 ■ Ot 'set counter- 




0330 


02C4 






0330 


02C4 


DISLOQPi 




0335 


02C4 


I « I * It 'fit lor next value 


25 


0344 


02C4 


IF t > PATKUnt THEN GOTO DIRDIT: 'test for done 




03SB 


02C4 


IF INTllI-U/44) <> (1-1)744 THHH SOTO SKOVNEXT 




0364 


02C4 


IF IHTIU-IW44) < 1 THEM GOTO SKOVKEXT 




03A? 


02C4 




30 


03A? 


02C4 


LOCATE^ 25,1: PRINT 'Hon to DUplay, Continue ? (Y or N) 




03C3 


02C4 


GOSUB CORLQOP: '*uit for T or H response 




03C? 


02C4 


IF A$ « *K* TKEK GOTO OlREXITi 'if H then don't contin 




030C 


02C4 


tfe 


35 


03UC 


02C4 


- LIKE U,l)*(3l8 1 lB?1 1 0 f BFi 'erase graphics tablet 




0401 


02C4 






0401 


02C4. 


SKOVKEXT: 




0406 


02C4 


PROW « (U.- 1) KOD ID ♦ 2: 'calculate ro« for disp 








Uy 


40 


0422 


02C6 


DCOLX * 4: 'set coluu to 4 




042? 


02C8 


IF (II - 1) ROO 44) ) 21 THEN DCOLX » 23: 'reset colum 








if necessary 




044C 


02C8 






044C 


02C8 


LIKE JHPUT 11, Af: 'read wit nau fro» directory 


45 


0459 


02C8 


LOCATE 0R0WX f 0COU;PRIHT W| 'PRIKT XAHE 




0475 


02CS 


60T0 Dl SLOOP 




0479 


02C3 






0479 


02C3 


DIREIIT; 




047E 


02C8 


CLCSE 11: 'trninate access to PATD1R.RJP 


SO 


.0463 


02C8 


GOTO FIRST 




049? 


02C8 






04B? 


02C8 


REK IPA5E 
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0 26S # &7 



n • © o a q 
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Reagent Jit Priotrr 
Pattern Entn/*odHiutien 



Offset UU 

0489 0ZC3 

048E 02T3 

0*94 07C3 

04A5 02CS 

0487 02CS 

. 048D 02C8 

04E2 02T3 

04E2 o:c3 

(HES C2C3 

04ES 02C8 

04FC 02CA 

0531 02CE 



Source Lint 



07-05-86 
IOtUiU 

m Personal toiputtr BASIC Cwpiler V2.00 



SOSUB 1TERWIERASE: 'erase blue box around OIR 
OPEN 'PftTDJR.WP* FDR IRPUT AS li 
IKPUT I1,PATWJK1: 'read ouaber of patterns in iir 

GOSUB 6ETKAKE: 'protpt for and input pattern n 



IIHE U I 1)~U18 1 189) ! 0 I BF: 
SO SUB SEARCH 



'erase graphics tablet 



054B 
0551 



02CE 
02CE 



IF II < (PATKUM ♦ U DO B0T0 FUUND 

LOCATE iO.U-OENlHAnESI^hPRIKT NAKEJ;* not Found 1 ; 

LOCATE 12 ( H:PRINT •Strike Any Key' 

50 SUB ANTCEY: '»uit for a eeyhit 

BOTO FIRST 



0555 02EE 

0555 02CE 

055A 02CE 

057E 0202 

05EF 0202 

05A1 0202 

05B3 02D2 

05C5 0202 

0507 0202 

05E9 0202 



FOlfflD: 



FILE* * RIGHTS ISTRtt II) ,LEMISTR5 1113 )-U * •PAT.RJP' 
OPEN FILE* FOR INPUT AS 11: 'set pattern data lilt 



{or read 



tern 



INPUT ll,tlXURZ: 

INPUT 11,8810: 
INPUT ^REPEAT!; 
INPUT ll,I0FFi 
INPUT ll.YOFF: 



'read nuiber of eleemts in pat 

'read grid size 

'read repeat count 

'read i axis offset for repeat 

'read y axis offset for repeit 



05E9 


0202 


FOR II s 0 TO ElKUM - \ 


05F7 


0204 


FOR n » 0 TO 5 


05F0' 


0204 


INPUT i; t 3;x;AT;UI,JI):'read file into screen 






array 


0621 


02D& 


NEIT JI 


0&31 


0206 


NEXT II 


0643 


0206 


CLOSE 11: 'done -ith data file 


064A 


* 0206 




064A 


0206 


OPEN 'PATDEF.RJP* FOR OUTPUT AS 11 


065t 


0204 


PRINT fl t FUE$: 'save fiienaee in defau 






It file 


066C 


0206 


PRINT I^RWIEJ: 'save the directory nae 






e as veil 


0&7C 


0206 


CLOSE 11 


0683 


0206 




0683 


0206 


BOTO RED RAH 


0687 


02M 




0687 


021* 


SEARDtx 


068C 


0206 


U * 1: 'set entry pointer 


0693 


0204 


SLOOP: 


0698 


02W 


LINE INPUT ll,A$: 'read next pattern naee froe di 


06A5 


02D& 


r 

JF A* « NAftE! THEN GOTO SEARCH.ENO: 'coipare naee v 






ith dir entry 


06B3 


0236 


U » II ♦ 1 


06C1 


02D6 


IF 11 < IPATKUM * U THEN BOTO SlOGPrcheck for done 


0604 


0206 


SEARCH. ENO: 



32 



0 268 237 



Reagent Jet Frinttr 
Patttrn Entry/ notification 



Qffsei liXi 
O&09 Q2?i 



Source Line 

CLOSE II: 



ssaqe 

' 06E4 02W SEK JPASS 



FA6E 6 
07-03*86 
IOsUiU 

IW Ptrsonal Coiouttr BASIC Co toiler V2.00 
'not found so dost file and di sol ay ae 



33 



?5 



25 



30 



35 



40 



55 



Reagent Jit Printer . . * TASE 7 

Pattern Entry/Hodification 07-03-66 

lOtUtU 



Offset 


Data 


Source Line IS* Personal Caaputer BASIC Coipiler V2.00 


U6t1 


VUl/O 


PATSAVE: 


06E9 


02Db 


60SUB ITEnSOIERASc: 'erase blue box around DIR 


06EF 


02*6 


IF ELXUXX * 0 THEN SOTO FIRST i 'no il taints io pattern 


06FE 


0206 


07EM •PATDIR.RJP' FOR IKPUT AS 11 


070F 


cm 


input ti v PATiana 


0721 


0226 


IF PATHUHI < 80 THEN GOTO SAVE. PAT j 'directory fall 






at 80 pattims 


0730 


02*6 


CLOSE 11 


ATT7 


V/UO 


LOCATE 25,J;PftIXT SPACE! 139);: 'erase bottoe 1 






Ine 


0754 


0206 


LDCATE 25,lsPR!XT 'Directory is full (80 pattern! laxi' 


076E 


02*6 


i 

BOSUB AKYXEY:60TQ FIRST 


077B 


02D6 


SAVE.PAT* 


077D 


02*6 


60SUB GETNAKE: 'proipt for and get pattern oair 


0783 


02D6 


60SUB SEARCH 


078? 


02*6 


IF II > PATKimi THEN 50T0 ADD. KEK. PATTERN 


079A 


02D6 


LIKE ll,H-t3l8 l 189J ( 0 1 BFi 'erase graphics tablet 


07BF 


02*6 


LOCATE i 0, 13- (LEX lKAKEf)/2h PRINT MARE*;* already exist 


07F4 


0296 


LOCATE 12 t 15:PRlHT 'Replace it?* 


080E 


02D6 


PATNWIX « II 


0B13 


02D6 


AS » 


CBIF 


0296 


WHILE A$ * " 


082E 


02*6 


AS * IHXD1 


0638 


0256 


WEND 


083B 


02D6 


IF AS » *Y* CR AS « 'y' THEM SOTO SAVE. PAT TERM 


0864 


0206 


BOTO FIRST 


0868 


02D6 




0868 


02D6 


ADD.NEW.PATTERN: 


086* 


02D6 


KILL •PATDIR.ClO': delete old backup directory 


0874 


02D6 


NWl£ f PAT01R,RJP' A3 «PAT01R.0L0': 'save old direc 






t cry 


087E 


02*6 


' OPEN ^ATOIR.OLO' FOR JXPUT AS It 


088F 


02D& 


OPEN •PATuIR.kj?' FCR OUTPUT AS 12: 'set up nt* dir 


08A1 


02D6 


IKPUT I^PATWni: 'read nuiber of dir entries 


0883 


02D& 


PATNUflX « FATKUni + 1: 'increase by 1 


08BC 


02*6 


MITE I2,PATKUKI: 'save in new directory 


08CD 


02*6 


FOR 1M TO PftTWm - 1 


0BE6 


02DA 


LIKE IKPUT ll.ASi 'read entry froe old dir 


* 0BF3 


02BA 


PRINT I2,AS; 'urite entry in new directory 


0903 


02*A 


KEIT I 


OWE 


02*A 


PRINT l2 1 KAR£Si • 'urite nev entry to ne* directo 


092E 


02*A 


ry 

CLOSE IWCLOSE 12: 'done with directory 


093C 


02BA 


SAVE. PATTERN: 


0941 


020A 


FILES * RIBHTS (STRJ IPATXUXI) ,LEN iSTRS (PATNUttl) ) - I) ♦ *P 






AT.RJP* 


0963 


02*A 


OPEN FILES FOR OUTPUT A3 11; 'create new pattern dat 






a file 


0977 


02*A 


WRITS tl f £UUMl: 'store nuiber of elettnts 


0988 


02*A 


VR1TE • l f GRID: .'store grid dimension 


0998 


02*A 


L^ITE SljREPEAK: 'store repeat count 


09A9 


02GA 


WITE tl,X0FT: 'store x axis offset for repiat 



34 

'badowginal ft 



0 268 237 



Rtiqini Jet Printer P«E B 

Pittero Entrv/ftcdificitiw " 07-05-Bi 

Ui46:l3 



Offset 


uu 


Scarce lint ^ Personal Coiputtr BASIC Coipiler V7.00 


09B? 


oisa 


•?.ITI ll,YCFF: 'store y ixis offset fcr repeit 


0«?C? 


02M 


FOR XI * 0 TO aKJXt - I 


09D7 


02DC 


FOR JX » 0 TO 5 


090D 


o::c 


WUTE K t 5aWTItlZ t n)i 'write scrtea i 






rr»y to file 


OAOO 


&2SC 


KIT ft 


OAtO 


one 


VUT II 


0A22 


02DC 


a05£ *1: 'done with tliti file 


OA?? 


020: 


OPES 'PAT31F.RJP' FCR OUTPUT AS 11 


0A3i 


02K 


PRin ll,FIUJ: **m filmie in defiu 






U file 


OA«S 


02BC 


PRISTT Sl f KAK£$t 'live the directory na 






t ts Mel I 


0A5B 


02SC 


CLOSE 11 


0A42 


02DC 


BOTQ FIRST 


OA66 


02SC 


m IF REE 



35 



0 258*237 



RngK.t PrUtir 
Pitttrn Entry/nodi fi cation 

Source tint 



UT T Iff I 




OA&o 


on: 


0MB 


C7DC 


OA71 


02K 


OA96 


02SC 


OA** 


02TC 


0A?B 


02TC 


0AA5 


025C 


OAAB 


02X 


OAAB 


CISC 


DO 


02K 


OACB 


02DC 


OACS 


02IC 


OADO 


02BC 


dad* 


02K 


OADA 


02BC 


OADA 


021C 


OADF 


02DC 


0AE& 


©25E 


OAFO 


o;o 


OArA 


02E& 


OAFE 


02EA 


OAFE 


02E& 


0803 


02E4 


OBOA 


0716 


OBOE 


02£i 


oboe 


mb 


0813 


02E* 


0B1A 


0?E* 


OBIF 


02E& 


0B2? 


02E6 


0B33 


02Ei 


0BJ7 


02E& 


0K7 


CuEi 


0B3C 


02ES 


0B43 


02E6 


OBU 


02E& 


0B37 


02Ei 


0B57 


o:e6 


obsc 


C2E4 


om 


02U 


ow 


02EB 


0B86 


02EB 


OBAO 


C2EB 


0BA& 


.02EB 


OBnB 


02£B 


OBBI 


02EB 


08CB 


02EB 


OBCF 


02EB 


0BE5 


o:eb 


08EE 


02c3 


08E& 


02E8 


0BF3 


02EB 


0BF7 


02EB 



PA5E 9 

07-05-B6 
10iUil3 

I«K Ftfsoosl Coipater BASIC Coioiltr V2.00 



PATCRAXt 



CQTJ8 HDSODhSE 

LIKE U,n-(319.!891,0,BF: 



*Er*se graphics tibUt 



liHTEL: 



ATOP 



E£3US SEB*IXU 

Ctf ITEH ♦ I E3T0 ALIKE, RECT, SHECT, ACIRCLE, RE3RAV, B 



B0T3 XOTEL 



baotpx 



ALIKE: 



EOSUB ITEJ1BQIERASE 
60TB FIRST 



STAKTKSSJ * "STARTTHS OWPOIKP 
EXMSBI * •EHOIIIB EWPOIKT * 
BOTO EKTEREIXEK7 



BLCI: 

STvITT: 
RECTXSBi 



TEHPX * 2 
WTO RECTUS 6 



TEKP1 * 3 

STARTrtSB* = 'STARTiSS CCKXER' 
EKCP.SSS * 'EKOIXS CSKNER • 
SOTO EKTERELEftEXT 



ACttCLEi 

TEXPZ * 4 

STAR1J1SSJ * "CENTER Or CIRCLE' 
CXvD56l * •POIKT OM CIRCLE • 

DiTERELEXEiiT: 

$0$U8 ITEH301ERASE 
RASI*C 

lOCATt ZS.hPRW S?ACE*(3?)j 
LOCATE :5,1:PRUT SIARTKSSfj 
SO SUB M5PCURSQ8 
FIKCSTART: 

EOSUB KCUSEACT 

IF AI » CHR$t27) TKEX SOTO ABORT 
IF Af * CHR* (13) THEX 6OT0 SET START 
BQSUB CURSORKOVE 
GOTO F1KDSTART 

ABORT: 

eOSUB PLACEOIRSOR 
GOTO HrlTEL 
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* * 



Rtigent Jet Printir p ftS £ j 0 

Pattern Entry /Modification 07-03-36 

10:UiU 



75 



Off let 


0*U 


lourct Ur,r lUi Ptrwrul Coiputer BASIC Coipiler V2.00 


0BF7 


o:eb 


SE73TART: 


06FC 


o:eb 


LCZATE tS.kFRIHT EVDSSSJ; 


OCU 


02EB 


FUiSI » 7Etfl:UI « U:m * YI 


0C28 


02EC 


IF FW5X " 4 THEK PSET III+4.YI+4) 


0C53 


02EC 


FIHDEXD: 


0C5A 


02EC 


6G5V3 W3USEACT 


0C£0 


02EC 


IF Al » CHRII27) TKEH SOTO CAXCEUl 


0C77 


02£C 


IF AS > CHRM13) TKEK GOTO SAVEEL 


0C8E 


02EC 


BOSUB CURSORROVE 


0C94 


02EC 


GOTO FINDEKS 


0C97 


02EC 


CANCEULi 


0C9C 


one 


80 SUB PLACECURSOR 


0CA2 


02EC 


OK FIABI BOSUB ERl, ER2, ES3, ER4 


0CB3 


02EC 


FLABI » 0 


OCSA 


02EC 


GOTO HEITEl 


OCBE 


02EC 


SAVEEL: 


0CC3 


02EC 


BOSUB PLACECURSQR 


occ? 


02EC 


IF FIABX « 4 TKEH CIRCLE (III+4 t YU*4) ,50*1 (XX-III)*2+ I 






T1-Y1I)*21, IM J 


0D32 


02EC 


60 SUB CORRECT 


0038 


02EC 


IF A$*'>r TKEK SOTO SEt-RM 


O04B 


02£C 


STOREEU 


0D30 


02EC 


SCXDATl(aHUm t O) * FLABI 


CD6A 


02EC 


SCKDATZCaKUHXtU « III 


0085 


02EC 


SCH0AUiaKU«t t 2) ■ YU 


OOAO 


02EC 


soc;Ti(aKU)a,3) * n 


OOBB 


02EC 


SCKCATX(ELVUJa,4) « u 


ODDS 


02EC 


SC«ATX(ELWM ( 3) * 3 


ODEF 


02EC 


Eixunz « EL«uni ♦ i 


00F8 


02EC 


a AST ■ 0 


ODFF 


02EC 


B3T0 KEITa 


OE03 


02EC 


Rt« fPASE 



55 
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0 2S&?Z3l 



• • ••••••• m m - 

-fittgtnt Jet Printer * PABE U 

FUtero Entry/KociHcUion 07-05-8& 

1C:4M13 



■Wflft 


DUa 


Scarce Lint -B!t Person tl Cowuter BASIC Cosoiitr 


0E03 


02EC 


RESRA*: 


OEOB 


02EC 


cOrJt ITEKSOIERASE 


oeoe 


02EC 


LlKEU,lM3J8 t !B*),0 t BF 


oro 


02EC 


IF ELWWl « 0 THEN 60T0 KEITH 


OE42 


02EC 






02EC 


FOR I«0 TO EUiunz-i 


0E5B 


02F0 


OX SCXDRTXU,0) GOSUB RD1, RD2, RD3, RD< 


OEBl 


02F0 


REIT I 


0E9C 


02F0 


SOTO XEITEL 


OEAO 


O2F0 




OEAO 


02F0 


*«iH««ii Sub-routines called by win iodule «tmw» 


OEAO 


02F0 




OEAO 


02F0 


SUBKEXUi 


0EA5 


02F0 




0EA3 


02F0 


LOCATE 23,1:PRIKT SPACEl(39)i 


CEC2 


02F0 


OH HENUNUH 605U8 HEHU1, REXU2 


CO! . 


O2F0 




OEM 


02F0 


FOR 1*0 TO h 


OEOB 


02F0 


RE&D HEHUSU1 


0EF2 


02F0 


LOCATE 23 I UU)*2:PRINT REHUKI); 


CF2B 


02FC 


KEIT I 


OF46 


02F0 




' 0F46 


02F0 


READ KAIITEH 


0F4D 


02F4 


ITEM « 0 


0F57 


02F4 




0F57 


02F4 


HEW ITEM: 


0F5C 


02F4 


GOSUB HEMTEHBDI 


0F&2 


02F4 




0F*2 


02F4 


NEWTEK: 


'OFW 


02F4 


BOSUB ITET.SEhRCH 


OFiD- 


02F4 


IF A* = CHRJII31 TVEN RETURN:* ITEH his correct 


0FB4 


02F4 


IF LEXtt?) < 2 THEN bEEP:60T0 NEWTEK 


0F9A 


02F4 


if ascuccs:rs,:,i)i • 75 theh boio leftar 


OFB6 


02F4 


IF. ASUMDUAf ,2,1)1 * 77 THEH SOTO RISHTAR 


0F02 


02F4 


BEEFiSOTO NEWTEK 


0FD9 


02F4 




0FD9 


02F4 


LEFTAR: 


OFBE 


02F4 


IF ITEH » 0 THEN 50TO NEWTEK 


OFEE 


02F4 


BOSUB I TEH BOXER ASE 


OFF4 


02F4 


ITEK » ITEH - 1 


1003 


02F4 


GOTO NEWTEK 


1007 


02F4 




1007 


02F4 


RIBKTARi 


10OC 


02F4 


IF ITEH « KAIITEH THEN 60T0 NEXT ITEH 


IOIF 


02F4 


BOSUB ITEH80IERASE 


1025 


02F4 


ITEK » ITEH 4 1 


1034 


02F4- 


BOTO NEK ITEH 


1038 


02F4 




1038 


02F4 


HEVUh 


1030 


02F4 


RESTORE Ml 


.1044 


02F4 


RETURN 


1048 


02F4 




1048 


02F4 


KENU2: 


104D 


02F4 


RESTORE HN2 



38 



